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A 54-year-old man presented to the emergency room with a hypertensive crisis and was 
successfully treated with antihypertensive treatment. A renal artery Doppler ultrasound 
was performed as part of the evaluation of the hypertension. 


Fibromuscular dysplasia (FMD) is a non-atherosclerotic, non-inflammatory vascular 
disease that affects medium- and large-sized arteries, most commonly the renal and 
internal carotid arteries, but has been described in almost every arterial bed in the body. 
Clinical presentation may vary from an asymptomatic condition to a multisystem disease 
that mimics necrotizing vasculitis. It is known to be the second major cause of renovascular 
hypertension, atherosclerosis being the leading cause. Renovascular FMD tends to affect 
young women with no cardiovascular risk factors. Asymptomatic FMD is a finding that 
appears in 2-6% of multi-detector computed tomography (MDCT) scans of living renal 
donors, who are considered a sample of healthy people. In two-thirds of symptomatic 
patients, renal artery FMD is bilateral. Little is known about the long-term progression of 
asymptomatic FMD that is discovered incidentally. Duplex ultrasound imaging can 
accurately detect elevated blood-flow velocities in the middle to distal portion of the main 
renal arteries or segmental arteries. If the areas of stenosis are hemodynamically significant, 
a parvus-tardus waveform is seen on Doppler ultrasound in the intrarenal arteries. CT 
findings of FMD are very characteristic and show a “string-of-beads” or beaded appearance 
or focal stenosis or aneurysms usually in the mid- or distal main renal artery and the 
segmental renal arteries. If MDCT findings of FMD are clear, we can accurately diagnose 
the condition with this technique. In case of doubt, an angiography is mandatory. 

Because of its better spatial resolution and the subtle findings of FMD, MDCT is preferred 
over MR for diagnosis. It is not difficult to differentiate FMD from renal artery atherosclerosis 
since the latter occurs at the origin or proximal artery in older patients with typical 
cardiovascular risk factors. If the medical treatment fails, percutaneous transluminal 
angioplasty or surgical revascularization are the primary therapeutic options. 


Doppler ultrasound of the right artery shows increased flow of the distal right main renal 
artery (1.3 m/seg) compared to the proximal right main renal artery (0.9 m/seg) (Figs. 1.1 
and 1.2). Doppler ultrasound shows decreased initial acceleration in intrarenal arteries 
consistent with the parvus-tardus waveform (not shown). Due to the suspicious findings of 
right main renal artery stenosis on Doppler ultrasound examination, an angio-CT was 
performed. Thin-MIP reformatted images in axial and coronal views (Figs. 1.3 and 1.4) 
show typical beading of the middle to distal portion of both renal arteries (“string of beads” 
appearance), suggestive of renal artery FMD (arrows). Note that the proximal renal arteries 
are not affected. 
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A 48-year-old man with antiphospholipid syndrome and Budd-Chiari syndrome was 
admitted to the hospital for a renal biopsy to diagnose the sudden impairment of renal 
function. No complications appeared during the left renal biopsy and the patient was 
discharged the following day. Fifteen days after the biopsy and coinciding with the day the 
patient restarted the anticoagulant therapy, he complained of left flank pain and went to 
the emergency room. Laboratory tests showed a severely low red blood cell count. CT and 
angiography showed multifocal active bleeding on the renal surface from a subcapsular 
hematoma. Multiple partial embolizations of the left kidney were successfully performed 
and the patient was discharged 10 days later with a renal function of 30%. 


Multifocal bleeding from ruptured capsular branches is an extremely rare condition; 
only two cases have been reported in the English literature. This condition usually appears 
after aggressive procedures on the kidneys (nephrostomy, stent placement or biopsy), with 
increased frequency in atrophic kidneys or in patients on anticoagulant therapy. It is 
believed that this traumatic procedure leads to subcapsular hematoma formation that 
causes rupture of the capsular arteries with multiple focal active bleeding. CT depicts a 
non-enhanced hyperdense subcapsular collection that compresses the kidney with multiple 
small focus of active bleeding inside the hematoma. Angiography shows multiple areas of 
perirenal arterial extravasation or pseudoaneurysms formation. Differential diagnosis 
with aneurysms secondary to vasculitis is required. These aneurysms occur in the intrarenal 
arterial branches whereas capsular pseudoaneurysms occur on the renal surface. The 
treatment of choice is angiographic embolization or nephrectomy. Usually an important 
loss of renal function appears after embolization secondary to the multiple bleeding sites. 


Arterial enhanced coronal and axial CT scans (Figs. 1.5-1.7) show compressed kidney by a 
severe subcapsular hematoma. Multiple small foci of active arterial bleeding are seen inside 
the hematoma near the kidney surface (arrows in Figs. 1.6 and 1.7). Selective angiography 
of the left renal artery demonstrates multiple small pseudoaneurysms in the kidney surface 
consistent with active bleeding of the capsular arteries (Fig. 1.8). 
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Case 3 
E 


Pyelonephritis 
Comments 


Ultrasonography 
(US) 


A 55-year-old diabetic woman presents with a 7-day history of bilateral flank pain, fever 
of 39°C, nausea and vomiting. 


In adults, diagnosis of urinary tract infection is typically based on characteristic clinical 
features and abnormal laboratory values. 
Imaging should, in general, be reserved for those patients in whom conventional 


treatment has failed. 


It is important to be aware of the US findings because sometimes they are subtle. US is 
limited in the identification of perinephric extension of infection, and in the visualization 
of small microabscesses. 


4C1-S 

GEE 150mm 
CPS Carlos 
Baseline /V 
Potn=-21dB 
MIF=.11 MI-21 


80dB S1/ 0/3/4 
Volumen de CPSze 


Fig. 1.12 
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Doppler evaluation typically demonstrates decreased perfusion in the affected paren- 


chyma. Power Doppler is superior to color Doppler in defining the extent of hypoperfusion. 


However, Doppler evaluation is limited in the detection of low flow and flow in small vessels. 


The advent of US contrast agents improves sensitivity of US in defining the extent of 


hypoperfusion. 


CT is the modality of choice for evaluating acute pyelonephritis. According to the Society Computed 


of Uroradiology, all regions of hypoattenuating parenchyma on CT should be considered Tomography (CT) 


acute pyelonephritis and the disease should be described in terms of uni/bilateral, focal/ 


diffuse, focal swelling/no-focal swelling or renal enlargement/no-renal enlargement. 


A reasonable renal infection CT protocol should include precontrast followed by post- 


contrast imaging at nephrographic phase, and include the excretory phase only if urinary 


obstruction is suspected. 


Unenhanced CT can detect obstruction, calculi, gas formation, hemorrhage, parenchy- 


mal calcifications, renal enlargement and inflammatory. Perinephric stranding alone 


should be interpreted with caution as even in presence of acute symptomatology, it may 


relate to previous infection, trauma or vascular disease. 


At excretory phase, soft tissue filling defects in the collecting system may be present cor- 


responding to blood clots, inflammatory debris or sloughed tissue from papillary necrosis. 


8. 


Typical features at US/CT include: 


. Focal or global enlargement of the kidney, sometimes with a mass-like appearance. 
. Ill-defined, wedged-shaped area of hypoechoic/decreased attenuation radiating from 


the papilla to the cortical surface. Differential diagnosis includes areas of focal infarc- 


tion, tumors or scarring. 


. At CT, striated nephrogram, seen as linear bands of alternating hyper and hypoattenu- 


ation orientated parallel to the axes of the tubules and collecting ducts. Striations are 


not pathognomonic of acute pyelonephritis. 


. Loss of corticomedullary differentiation at US. 
. Obliteration of the renal sinus and perinephric fat planes, stranding, thickening of 


Gerota’s fascia at CT. 


. Thickening of the pelvicalyceal wall. 
. Microabscesses are identified as hypoechoic mass that lacks internal flow on color 


Doppler images at US, or non-enhancing fluid collections within abnormal areas of 
parenchyma that may have an enhancing rim. Abscess cavities may be large and re- 
quire drainage in some cases. 

Hydronephrosis/pyonephrosis. 


US (Fig. 1.9) image shows right global enlarged kidney with several cortical hypoechoic Radiological 


round areas with ill-defined margins (open arrows). Power Doppler US evaluation (Fig.1.10) Findings 


and especially contrast-enhanced US (Fig. 1.11) improve the sensitivity to parenchyma 


abnormalities and demonstrate decreased perfusion in the affected parenchyma (arrows). 


CT in nephrographic phase (Fig. 1.12) shows bilateral renal enlargement, striated 


nephrogram (arrows) and peripheral fat stranding (open arrowhead). Ill-defined, non- 


enhancing fluid collections (microabscesses) within abnormal areas of parenchyma 


radiating from the papilla (arrowheads) are seen. 
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A 57-year-old woman was admitted to the emergency room complaining of fever and 
lumbar pain. Laboratory tests showed infection parameters. Abdominal ultrasound (US) 
and computed tomography (CT) were performed. Laparoscopic right nephrectomy was 
done; during surgery right kidney and peritoneum were accidentally opened. Five days 
later, the patient had no complications and was discharged. Six months later, he complained 
of pelvic pain with no other symptoms, and transvaginal US and CT were performed. 


Xanthogranulomatous pyelonephritis (XP) is an uncommon reaction of the kidney to 
chronic infection in the setting of chronic obstruction. Diabetes mellitus is seen in 10% of 
these patients. The most common organisms involved are P. mirabilis and E. coli. Renal 
parenchyma is replaced by granulation tissue containing lipid-laden macrophages. Most 
cases occur in association with a renal pelvic calculus; hydronephrosis is thought to be 
a contributing factor. Symptoms are often non-specific. Although US is useful in the 
diagnosis of this condition, CT is the imaging technique of choice. US demonstrates an 
enlarged kidney with cystic areas corresponding to enlarged calyces. Characteristic CT 
findings include a non-functioning enlarged kidney with a staghorn calculus within a 
contracted renal pelvis. Expansion of calyces, parenchymal atrophy and inflammatory 
changes in perinephric fat are also strongly suggestive of XP. Calyces are filled with 
hypodense inflammatory infiltrate; these hypoattenuating calyces, with lipid content, often 
show around zero or negative HU values. Psoas abscess and fistula formation are the typical 
patterns of disease progression. Nephrectomy is the treatment of choice; percutaneous 
nephrostomy is not indicated. Accidental intraperitoneal seeding during surgery, as for 
our case, has not been previously described in the literature. Focal XP must be differentiated 
from other causes of hydronephrosis including obstructing urothelial carcinoma, and 
cystic masses such as cystic renal cell carcinoma and multilocular cystic nephroma. 


Contrast-enhanced coronal and axial CT images demonstrate a non-functioning enlarged 
right kidney with staghorn calculi, dilated calyces and renal atrophy (Figs. 1.13 and 1.14). 
Contrast-enhanced axial and coronal CT scans, 6 months after surgery, demonstrate 
enhancing masses with hypodense center and calcifications in the omentum (Fig. 1.15) and 
between the uterus and bladder (Fig. 1.16). Surgery demonstrated granulomatous tissue 
containing lipid-laden macrophages consistent with intraperitoneal seeding of XP. 
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A 44-year-old woman with tuberous sclerosis presented 


Case 5 to the emergency room with sudden right flank pain, 
E 


: 3 A hypotension and skin pallor. 
Multiple Angiomyolipomas 


m 
Fig. 1.17 


Fig. 1.19 Fig. 1.20 
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Angiomyolipomas are hamartomas containing varying proportions of fat, smooth muscle 
and thick-walled blood vessels. Epidemiologically, angiomyolipoma (AML) is seen in two 
distinct clinical settings. Approximately 80% of AMLs occur in middle-aged adults, with a 
significant female predisposition. In this population, the lesions are usually small, solitary 
and asymptomatic. The remaining 20% of patients with AML have tuberous sclerosis. 
Renal AMLs are present in approximately 80% of patients with tuberous sclerosis. AMLs in 
these patients are usually multiple, bilateral tumors that usually reach a large size and are 
often symptomatic (pain, gross hematuria, anemia, etc.). Tumors >4 cm carry an increased 
risk for potentially life-threatening hemorrhage (Wiinderlich syndrome), which has been 
reported in up to 10% of these patients. 

A reliable diagnosis of AML can be made based on imaging features when fat is demon- 
strated within a renal mass. At least 90% of AMLs contain fat that is detectable with thin- 
section CT or MRI. The detection of fat within a mass that arises in the kidney is considered 
diagnosis of AML. Other features supporting the diagnosis of AML include the presence of 
enlarged or aneurysmal vessels within the tumor. Isolated cases of RCC, Wilm’s tumor or 
oncocytoma with intratumoral fat have been reported. Liposarcomas arising from the 
renal capsule are uncommon and may contain mature fat. Liposarcomas are rare tumors 
that usually occur in older patients, and are generally large at the time of diagnosis and 
centered in the perinephric space. These tumors displace or compress the kidney and are 
hypovascular without enlarged internal vessels or aneurysms. 

At sonography, an AML is characteristically more echogenic than the surrounding renal 
parenchyma and shows an acoustic shadowing. However, this feature is also seen in 32% of 
small renal cell carcinoma (<3 cm in diameter). Therefore, sonography does not allow a 
diagnosis with the degree of confidence achieved by CT. When a small amount of fat is 
suspected in a renal mass, an unenhanced CT examination with thin sections and, if neces- 
sary, a pixel analysis (<—10 UH) is the most sensitive test to confirm diagnosis. 

At MRI imaging, the most reliable demonstration of macroscopic fat within an AML can 
be achieved by comparing the appearance of the tumor on T1-weighted images with fat- 
saturation sequences. AMLs with a predominant fatty component are isointense relative to 
fat in all MRI sequences. Macroscopic fat appears bright on T1-weighted images, and the 
signal visible decreases with fat saturation. The use of in-phase and opposed-phase imaging 
is also helpful in the diagnosis of very small lesions of AML. In predominantly fatty AMLs, a 
characteristic India ink artifact is seen at the interface between the fat-containing mass and 
the normal renal parenchyma on opposed-phase, whereas the central portions of the lesion 
do not demonstrate changes in signal intensity in comparison with the in-phase images. 


Axial unenhanced CT (Fig. 1.17) shows multiple bilateral lesions that contain fat, being 
compatible with AML (open arrows). Right anterior perirenal and pararenal hyperdense 
(36 UH) collection is suggestive of hematoma (arrow). Axial nephrographic-phase CT scan 
(1 mm) shows (Fig. 1.18) arterial pseudoaneurysm (open arrowhead) arising from the 
inferior polar branch of the right kidney with contrast extravasation (solid arrow head). 
Coronal MIP reconstructions (Fig. 1.19) and angiographic images (Fig. 1.20) show similar 
findings. The pseudoaneurysm was successfully embolized. 


Comments 


Imaging Findings 


Carlos Nicolau, Carmen Sebastia, and Blanca Paño Brufau 


A 69-year-old patient presented with left flank pain and fever of 2 months of 


duration. 


Renal involvement by lymphoma may be due to hematogenous dissemination or 
contiguous extension of retroperitoneal disease. Renal lymphoma may also be 
seen in immunocompromised patients. Primary renal lymphoma that is isolated 
to the renal parenchyma with no systemic manifestations is uncommon (less than 
1% of extranodal lymphoma). 

Understanding of tumor growth and the mechanism of spread histologically is 
important to interpret the resulting patterns of involvement. Hematogenous involve- 
ment usually results in bilateral distribution of tumor foci within renal cortex. 

Contrast-enhanced computed tomography in the nephrographic-phase imag- 
ing is the most sensitive for lesion detection. If the tumor is central and affects the 
hilar region or collecting system, excretory phase imaging is necessary. 
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The suggestion of renal lymphoma is one of the few situations in which renal biopsy 
should be recommended, since the diagnosis of lymphoma determines medical therapy. 
Renal lymphoma has a wide variety of CT appearances. 


1. Multiple renal masses 

Involvement is typically bilateral, but may also affect only one kidney. At contrast- 
enhanced-CT the lesions enhance less than the normal renal tissue and appear as 
relatively homogeneous masses. The presence of retroperitoneal adenopathy is an addi- 
tional clue of the diagnosis. In MR images, minimal heterogeneous enhancement is seen on 
early and delayed gadolinium-enhanced MR images. At US lesions appear typically 
hypoechoic and homogeneous. There are benign and malignant entities that mimic renal 
lymphoma including metastatic disease, acute pyelonephritis, renal infarcts, abscesses and 
multiple synchronous renal cell carcinomas. 
2. Direct extension from retroperitoneal adenopathy 

The second most common presentation of renal lymphoma is as contiguous extension 
to the kidneys or perinephric space from large retroperitoneal masses (25-30% of cases). 
At CT, lymphomatous masses usually envelop the renal vasculature invading the renal 
hilum. However, the vasculature remains patent despite tumor encasement, a finding that 
is characteristic of lymphoma, and thrombosis is rare. 
3. Solitary lesion 

Renal lymphoma manifests as a solitary mass that grows primarily by expansion in 
10-25% of patients. At contrast-enhanced-CT the masses are typically hypovascular and 
demonstrate minimal enhancement. 
4. Perinephric disease 

Isolated perinephric lymphoma is unusual («1096 of cases). The presence of a mass of 
perinephric soft tissue compressing the normal parenchyma without causing significant 
impairment of renal function strongly suggests the diagnosis although occurs infrequently. 

CT in nephrographic phase is crucial for demonstrating a perirenal mass and accurate 
staging. At US, hypoechoic tissue of variable thickness is seen surrounding the kidney. The 
differential diagnoses include sarcoma arising from the renal capsule and metastases to the 
perinephric space, as well as benign entities such as perinephric hematoma, amyloidosis 
and retroperitoneal fibrosis. 


US imaging (Fig. 1.21) shows hypoechoic tissue (open arrow) surrounding the left kidney. 
Axial CT image at nephrographic phase (Fig. 1.22) shows hypodense and homogeneous 
soft tissue mass (open arrow) surrounding the left kidney that enhanceless than the normal 
renal tissue. The mass causes anterior displacement, and focal cortical infiltration of left 
kidney (arrowhead). The ipsilateral psoas muscle is also infiltrated (arrowhead). Small 
retroperitoneal lymph nodes were identified (arrowhead). Axial CT imaging at excretory 
phase (Fig. 1.23) shows that the mass affects collecting system produces hydronephrosis. 
Excretory phase image shows delayed uptake and elimination of contrast material. Axial 
delayed gadolinium-enhanced fat-suppressed T1-weighted sequence (Fig. 1.24) performed 
1 month later shows bilateral perirenal masses (open arrows) with minimal heterogeneous 
enhancement that extend above the large retroperitoneal vessels (arrowhead) and infiltrate 
the pancreatic isthmus (arrowhead) and cortical parenchyma. 
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A 35-year-old woman with abdominal pain and microhematuria was referred to the 
Radiology Department. An US examination was performed. 


Renal fusion anomalies, in which both kidneys are fused together, are uncommon. They 
result from partial failure of renal ascent during embryological development. In 90% of the 
cases, the fusion is at the lower poles of the kidneys. Horseshoe kidney is the most common 
renal fusion anomaly and is usually discovered incidentally during US examination 
performed for non-specific abdominal purposes. Poor visualization of the lower poles 
when exploring the renal fossa is suggestive of horseshoe kidney. The renal parenchyma 
can be followed with the transducer to the abdominal midline, where the lower poles are 
connected by a band of renal parenchyma crossing the midline. Horseshoe kidneys are 
frequently associated with rotational anomalies, particularly with incomplete rotation, and 
the pelvis of horseshoe kidney has a more anterior location. Horseshoe kidney is usually 
asymptomatic but can be accompanied by several complications such as stone disease, 
ureteropelvic junction obstruction, dilation due to reflux and urinary tract infections. In 
addition, horseshoe kidney is considered a risk factor for the development of renal and 
urologic malignancies. When a complication is detected in horseshoe kidneys, the treatment 
may differ from that of the normal kidney due to the abnormal location of horseshoe 
kidneys, posing a challenge for the urologists. Once a fused kidney is diagnosed, follow-up 
is recommended in order to detect these potential complications and prevent severe renal 
damage. US is usually the first-line technique to screen for the presence of complications. 
However, when a complication is present, especially in cases of stones, hydronephrosis or 
masses, a MDCT examination is recommended for treatment planning. For this purpose, 
post-processing techniques are helpful including multiplanar reformat (MPR), maximum 
intensity projection (MIP) or volume rendering (VR) 3D images. Those techniques provide 
very precise information of the vascular supply and the urinary tract of the fused kidneys. 


US image (Figs. 1.25 and 1.26), axial MDCT reconstruction image during nephrographic 
phase (Fig. 1.27) and coronal MDCT reconstruction image during excretory phase 
(Fig. 1.28) of both kidneys demonstrate midline fusion (open arrows). A kidney stone was 
detected (Fig. 1.26) in the left kidney (arrow). The band of renal parenchyma connecting 
both kidneys may be identified using US and MDCT. Coronal reconstruction on the 
excretory phase allows a better knowledge of the position and distribution of the excretory 
tract. 
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A 66-year-old man presented with a past history of kidney stones and microhematuria. An 
US examination was performed and a cyst with thickened septum was detected. 


Based on imaging findings, most renal cell carcinomas (RCC) are solid but as many as 10% 
have some cystic component. When a renal complex cystic lesion is detected, the most 
important issue is to differentiate cystic RCC from benign complex cysts usually secondary 
to bleeding or infection. The evaluation of a complex cyst requires the intravenous injection 
of a contrast agent, and the detection of enhancement of solid components or an irregular 
thickened wall or septa are the most specific signs suggesting malignancy. This evaluation 
can be performed using CT, MR or contrast-enhanced US (CEUS). Complex cyst can be 
classified into five groups using the worldwide-accepted Bosniak classification that 
correlates the malignant potential of the cysts with several features such as the presence 
and number of septa, thickening of the wall and septa, presence of solid masses and nodular 
enhancement and determines the probability of malignancy depending on these features. 
Bosniak I and II have an estimated 0% probability of malignancy and are cysts with no 
septa or with few hairline-thin septa that may show minimal thin enhancement but no soft- 
tissue nodular enhancement. Bosniak IIf cysts, with an estimated 5% of malignancy, are 
renal cysts with multiple hairline-thin septa, smooth minimal thickening of the wall or 
septa, and absence of nodular enhancement. They are considered benign but need to 
remain stable at follow-up. Bosniak III cysts, with an estimated 50% probability of 
malignancy, may have thickened irregular wall or septa with enhancement after the 
administration of contrast agent but without enhancing solid masses. This category 
includes benign hemorrhagic or infected cysts, multilocular cystic nephromas and cystic 
RCC. Finally, Bosniak IV cysts, with an estimated 95-100% probability of malignancy, are 
clear malignant cystic masses with the presence of soft-tissue enhancing mass independent 
of the wall or septa. With respect to the management of complex cysts, there are three 
points to be considered: the first is that surgery is recommended in Bosniak III and IV cysts 
due to the high probability of malignancy. Second, when a follow-up is recommended (If 
group), at least a 3-year follow-up is necessary to assure that the lesion is benign due to the 
slow growth of some cystic RCCs. In addition, although the excellent correlation of complex 
cysts features with CEUS, CT and MR imaging, CEUS and MR imaging are more sensitive 
than CT to detect the microvascularization of the wall and septa with the advantage of 
absence of radiation. 


Baseline US (Fig. 1.29) shows a cystic complex renal mass in the right kidney with presence 
of septa and thickened posterior wall. A CEUS examination was performed (Figs. 1.30 and 
1.31) and demonstrated enhancement of the thickened wall and of the thickened septa 
(open arrow). The complex cyst was classified as Bosniak III. Nephrographic-phase CT 
scan (Fig. 1.32) also showed the enhancing septa (arrow). The patient was referred to 
surgery and the histologic analysis revealed a cystic RCC. 
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A solid renal mass was detected in the right kidney on abdominal US examination 
performed for right flank pain on a 68-year-old man. 


When a solid renal mass is detected on US examination, additional MDCT or MR imaging- 
in few cases also biopsy- are recommended, because baseline US is not accurate enough to 
characterize renal lesions. Characterization is mainly based on some imaging features 
including the presence of fat, enhancement pattern and presence of extrarenal features of 
malignancy such as lymph nodes or metastases. If the presence of fat is ruled out, renal cell 
carcinoma (RCC) is the most probable diagnosis. MDCT is the main imaging technique for 
renal tumor characterization. CT protocol must include one unenhanced phase and three 
enhanced phases (corticomedullary, nephrographic and excretory phase). The unenhanced 
phase allows detection of calcifications and fat, as well as the assessment of enhancement 
when compared with the enhanced phases. Corticomedullary phase provides a useful 
angiographic image of the arterial and venous supply to the kidney, and the nephrographic 
phase is the optimal phase for the detection and characterization of renal masses. Finally, 
the excretory phase provides information about the involvement of the collecting system. 
MR imaging can also evaluate with similar accuracy the enhancing behavior. Regarding the 
enhancement pattern, most RCC and especially the most common subtype (clear cell RCC) 
typically show hypervascularity followed by washout. The enhancement pattern correlates 
with histological findings since the homogeneity or heterogeneity of the enhancement 
depends on the presence of hemorrhagic, necrotic or cystic areas. One major problem with 
imaging modalities is that they cannot differentiate adequately renal cancer from 
oncocytomas, which have a very similar enhancement pattern to that of clear cell RCC in 
all phases. The presence of a central scar is a characteristic feature of oncocytomas. 
However, this occurs in less than a half of the cases, therefore, most oncocytomas may 
resemble RCC. In addition, some RCCs have heterogeneous enhancement with necrotic or 
fibrotic areas that can mimic a central scar, thus the final diagnosis can be only obtained by 
histology. At this point, it has been suggested that Diffusion-weighted imaging could help 
in the differentiation between RCC and oncocytomas since malignant tumors have higher 
restriction to the molecular diffusion of water than benign tumors due to the increased 
cellularity of neoplastic tissues. In this sense, two recent studies (Taouli et al. Radiology 
2009; Incy et al. Eur J Radiol 2011) have demonstrated lower ADC values in RCC than in 
oncocytomas. 


A 4-phase MDCT scan was indicated to characterize the lesion. A centrally located lesion 
with nointratumoral fat was identified on unenhanced phase (Fig. 1.33). Thecorticomedullary 
phase (not shown) and nephrographic phase demonstrated heterogeneous enhancement of 
the well-defined lesion with intracystic intratumoral areas (Fig. 1.34, open arrows) with 
washout and hypoattenuation in excretory phase (Fig. 1.35). Pathologic diagnosis obtained 
after nephrectomy was clear cell RCC, and the heterogeneity of the enhancement pattern 
correlated well with the presence of intratumoral cystic areas (Fig. 1.36). 
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A 54-year-old man was referred to the Radiology Department due to abdominal pain. An 
incidental solid renal mass was detected on US and an MR imaging was indicated to 
characterize it. 


In recent years, there has been an increase in the detection of renal cell carcinomas (RCC) 
due to the increasing use of imaging modalities for abdominal purposes. There are at least 
three major histological subtypes of RCC: clear cell RCC, accounting for 80% of the cases; 
papillary RCC, accounting for 10-15%; and chromophobe RCC accounting for 5%. 
Knowledge of the subtype before treatment is useful because survival and response to 
treatment are usually worse in clear cell RCC. Differentiation can be obtained using MDCT 
or MR imaging. The enhancement pattern is different depending on the RCC subtype. 
Clear cell RCCs enhance intensely and heterogeneously, in contrast to papillary and 
chromophobe RCCS that are hypovascular and enhance more homogeneously. In addition, 
clear cell RCC does not enhance more in the excretory phase than in the nephrographic 
phase, while some papillary RCCs may show continuous enhancement in the excretory 
phase. MR can provide additional information in the differentiation between clear cell 
carcinomas and non-clear (papillary and chromophobe) cell carcinomas. Clear cell RCCs 
usually have high signal on T2 and can have a drop of signal on opposite phase, reflecting 
the presence of intracellular fat. On the other hand, non-clear cell RCCs usually present 
with low signal on T2 with drop of signal on in phase sequences. In addition, using 
Diffusion-weighted imaging (DWI), clear cell and non-clear cell RCCs have different 
diffusion characteristics, with papillary RCC being the subtype with the lowest apparent 
diffusion coefficient (ADC) values. This fact can be justified by the high cellularity of the 
papillary RCC subtype. However, imaging modalities have serious difficulties in 
differentiating papillary RCCs from fat-poor angiomyolipoma, since very few 
angiomyolipomas show no fat using imaging modalities. The homogeneous and sometimes 
persistent enhancement pattern found in papillary RCC is also characteristic of fat-poor 
angiomyolipomas. Both tumors may show low signal on T1 and T2 MRI, with no drop of 
signal in opposite phase, and have low ADC values on DWI. However, very few studies with 
DWI of renal tumors have been performed, and further studies in larger patient populations 
are necessary to verify possible differences in the ADC values between papillary RCC and 
poor-fat angiomyolipomas. 


An incidental solid lesion was detected on baseline US (open arrow) (Fig. 1.37). An MDCT 
scan was indicated and a well-defined mass with homogeneous hypoattenuating 
enhancement in all the enhanced-phases was identified (Fig. 1.38, nephrographic and 
excretory phase) suggesting a non-clear RCC. No fat was detected inside the tumor. Typical 
features of non-clear RCC were also found on MRI with low signal on T2-weighted image 
(Fig. 1.39, arrow) and drop of signal on “in phase” sequence (Fig. 1.40, open arrowhead). 
Pathologic diagnosis obtained by laparoscopic partial nephrectomy was papillary RCC. 
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A 30-year-old patient who suffered a traffic accident 


Case 1 presented to the emergency room with right upper 


quadrant pain. 
Adrenal Hemorrhage 


Fig. 2.2 


Fig. 2.1 


Fig. 2.3 
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The causes of adrenal hemorrhage can be classified as traumatic and nontraumatic. Direct 
trauma is the main cause of unilateral adrenal bleeding, more frequently right-sided. Adrenal 
hemorrhage is commonly associated with injuries of high severity. Right-sided hemorrhage 
is associated with liver, spleen, bilateral renal injuries, and pneumothorax; when hemorrhage 
involves the left adrenal, splenic, left kidney, and pneumothoracic injuries are the most 
common accompanying injuries. Periadrenal stranding is identified in most cases. 

On the other hand, direct trauma is seldom the origin of bilateral adrenal hemorrhage. 
Nontraumatic hemorrhage of the gland in adults is uncommon and can be classified into 
four categories: 

Stress (surgery, burns, sepsis, hypotension, etc.). 

Hemorrhagic diathesis or coagulopathy (heparin-associated thrombocytopenia, 

antiphospolipid antibody syndrome, anticoagulation, use of steroids, etc.). 

Underlying adrenal tumors (myelolipoma, pheochromocytoma, adrenocortical carcinoma). 

Idiopathic/spontaneous. 

Potential causes of unilateral or bilateral hemorrhage are listed in Table 2.1 


Table 2.1 Potential causes of unilateral or bilateral hemorrhage 


CT is the imaging modality of choice in patients with clinical suspicion of adrenal hemor- 
rhage. Acute adrenal hemorrhage appears as enlarged adrenal gland with irregular margins 
but commonly retaining adreniform shape. However, sometimes the adrenal hemorrhage 
may present as an adrenal mass. At unenhanced CT, acute bleeding shows high attenuation 
(50-90 HU). No enhancement following IV contrast is observed. In doubtful cases, findings 
of decreased density and size at follow-up as well as the presence of calcifications may help 
confirm the diagnosis. 

MR imaging is the most sensitive and specific modality for diagnosing adrenal 
hemorrhage. The appearance of adrenal hemorrhage on MRI depends on the progression 
of the bleeding. In the subacute phase, the hemorrhage shows high signal on T1-weighted 
sequences, secondary to the presence of methemoglobin. No postcontrast enhancement is 
observed in acute phase. During the chronic phase there is a ring of low signal on 
T2-weighted sequences, secondary to the presence of hemosiderin. 


Coronal/axial unenhanced CT (Figs. 2.1 and 2.2) shows right adrenal lesion (arrow) of 4 cm 
in size. This lesion is hyperdense (49 HU) at unenhanced CT. Slight stranding of adjacent fat 
is observed (arrow). Axial enhanced CT at portal phase (Figs. 2.2 and 2.3) shows no significant 
enhancement of the right adrenal lesion following iv contrast (52 HU) (arrow). It is important 
to keep in mind that adrenal hemorrhage is commonly associated with other injuries, as in 
this case where it appears associated with a laceration of the liver dome (segment VII) 
(arrow). Axial unenhanced CT (Fig. 2.4) performed 6 months later shows that the lesion has 
decreased in size and is hypodense (arrow). Stranding is not observed in the adjacent fat. 
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A 56-year-old female with a history of episodes of renal 
Case 2 colic. An US was performed to detect urolithiasis, which 


E 
Lipid-Rich Adenoma 


showed an incidental finding of a right adrenal nodule. 


Dist = 2.18cm 


Fig. 2.5 
Fig. 2.6 


Fig. 2.7 Fig. 2.8 
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The adrenal adenomas are benign tumors of the adrenal cortex, commonly unilateral. 
The estimated prevalence in general population is approximately 6%, without significant 
differences between men and women. The prevalence of adrenal adenomas increases 
with increasing age. Approximately 85% are nonfunctioning and clinically inapparent, 
and 15% are functioning and may develop clinically apparent or subclinical hormone 
hyperproduction (frequently due to autonomous cortisol or aldosterone secretion, and 
less often due to sex hormone secretion). Therefore, all patients with an adrenal lesion 
should undergo a hormonal evaluation. On CT or MRI may present as small-sized 
homogeneous lesions (usually <4 cm in diameter) with smooth borders. Nevertheless, 
these are nonspecific characteristics, given that other malignant and benign adrenal 
lesions can present similar features. 

In the presence of an incidentally discovered adrenal mass in patients not known to have 
cancer, the initial diagnostic hypothesis may be that of an adenoma. However, metastasis, 
lymphoma, carcinoma, pheochromocytoma, hemorrhage, adrenal hyperplasia, infectious 
diseases (tuberculosis, histoplasmosis, blastomicosis), neuroblastoma, ganglioneuroma, 
hemangioma, and hemangiosarcoma should be included in the differential diagnosis. 

Seventy percent of adrenal adenomas have a high intracellular fat content (lipid-rich 
adenomas), detection of which is the cornerstone of establishing diagnosis with a high 
confidence. Nonenhanced CT is the mainstay of image diagnosis of lipid-rich adrenal ade- 
nomas due to its high sensitivity and specificity, low cost, and easy interpretation. An atten- 
uation value <10 HU (Hounsfield units) is diagnostic of adrenal adenoma. If an incidental 
adrenal mass is detected on routine contrast-enhanced CT acquired in the dual-energy 
mode, it is possible to suppress the iodine signal, thus allowing density measurements of 
adrenal lesions on virtual nonenhanced imaging. 

Chemical shift MRI is another technique that has a high diagnostic accuracy in the 
characterization of lipid-rich adenomas. It consists in acquiring T1-weighted gradient- 
echo in-phase and opposed-phase sequences. The signal intensity loss in the lesion on 
opposed-phase images relative to the spleen (visual comparison) is indicative of the 
presence of intracytoplasmatic lipids. 


US (Fig. 2.5) demonstrates the presence of a well-delineated nodule in the right adrenal 
area (open arrow). 

A nonenhanced CT (Fig. 2.6) is performed and shows a homogeneous low attenuation 
(3 HU) right adrenal nodule of 2.7 cm with smooth borders (open arrow). Based on these 
features, especially the low attenuation values, a diagnosis of lipid-rich adenoma can be 
established. 

A MRI is also performed with T1-weighted gradient-echo in-phase (Fig. 2.7) and 
opposed-phase (Fig. 2.8) sequences. There is an evident signal intensity loss in the adrenal 
nodule (open arrows) on opposed-phase with regard to the in-phase images, which is indic- 
ative of the presence of intracytoplasmatic lipids and therefore is diagnostic of adenoma. 
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Adenoma 
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Fig. 2.11 


A 67-year-old female who undergoes a lumbar spine MRI due to history of chronic low back 
pain, which showed an incidental finding of a left adrenal nodule. An abdominal MRI was 
performed, followed by a three-phase adrenal CT, as part of the diagnostic workup. 


Approximately 30% of adrenal adenomas have a low intracellular fat content (lipid-poor 
adenomas). They have an unenhanced CT attenuation greater than 10 UH and therefore cannot 
be reliably differentiated from other adrenal lesions with this technique. Although some 
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morphological features (small size, homogeneity, smooth contour) are suggestive of its 
benignity, other benign and malignant adrenal lesions can have similar features. The differential 
diagnosis must be established mainly with metastasis, carcinoma, pheochromocytoma, and 
lymphoma, which are lesions that could have an important impact on prognosis of patients. 
The clinical and biochemical parameters, as well as the previous history play an important 
role in the characterization of adrenal lesions with CT attenuation values greater than 10 HU 
at nonenhanced CT. Diagnosis of lipid-poor adenomas is a challenging task for radiologists. 
Chemical shift MRI technique is a useful technique for study of adrenal lesions with 
nonenhanced attenuation of 10-30 HU. It can be explained by the fact that, despite their high 
unenhanced CT attenuation, they have sufficient lipid content to allow their characterization. 
The signal intensity loss in the lesion on opposed-phase images relative to the spleen is 
indicative of the presence of intracytoplasmatic lipids and therefore is diagnostic of 
adenoma. 

The dedicated adrenal CT protocol consists of an initial nonenhanced CT followed 
by enhanced CT at 60 s and 15 min after initiating the intravenous injection of the contrast 
material. It will permit calculation of absolute washout (or relative washout if nonen- 
hanced CT images were not acquired initially): 


Absolute Washout = (AC 60 sec - AC 15 min)/(AC 60 sec - AC nonenhanced) x 100 
Relative Washout = (AC 60 sec - AC 15 min)/(AC 60 sec) x 100 


*AC = attenuation coefficient (HU) 

Absolute washout values >60% (or relative washout values >40%) has demonstrated 
high accuracy in diagnosis of adrenal adenoma, independently of its lipid content. 

18F-FDG PET/CT has high sensitivity but lower specificity to differentiate between 
benign and malignant adrenal lesions, with a 5% false-positive rate. 

A small percentage of these lesions will remain indeterminate despite the use of all 
available noninvasive diagnosticimaging techniques. Depending on patient’s characteristics, 
imaging features as well as the level of suspicion, adrenalectomy, fine needle aspiration, or 
expectant management with serial biochemical and imaging follow-up should be 
recommended. 


An MRI with T1-weighted gradient-echo in-phase (Fig.2.9a) and opposed-phase (Fig. 2.9b) 
sequences is performed. There is a 2.8 cm left adrenal nodule (open arrows) which does not 
show significant signal intensity loss on opposed-phase with regard to the in-phase 
images. 

A three-phase abdominal CT with specific adrenal protocol is then performed, and 
demonstrates a well-delimited homogeneous left adrenal nodule (open arrows) with non- 
enhanced (Fig. 2.10) attenuation values of 24 HU. The enhanced images acquired at 60 s 
(Fig. 2.11) and 15 min (Fig. 2.12) show attenuation values of 86 and 44 HU, respectively. The 
absolute washout value is 26096 and therefore is diagnostic of lipid-poor adenoma. 

A small left adrenal nodule can also be seen on CT and MRI (arrows). It has low attenu- 
ation values (--6 HU) on nonenhanced CT (Fig. 2.10) and shows signal intensity loss on 
opposed phase (Fig. 2.9), compatible with a lipid-rich adenoma. 
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A 61-year-old man, a heavy smoker, with an incidental adrenal finding on a chest CT scan. 
Follow-up of the adrenal lesion was performed with MR. 


Myelolipomas are rare benign nonfunctioning adrenal tumors present in 0.08-0.2% of 
autopsies. They are composed of a variable proportion of mature fat and bone marrow 
elements. There is no sexual predominance and, although typically unilateral, they can be 
multiple and bilateral. Punctate calcifications can be seen in 20% of cases. Myelolipoma is 
generally asymptomatic and usually detected as an incidental finding in cross-sectional 
imaging performed for other purposes. Rarely, patients may present with acute flank pain 
or hypovolemic shock secondary to spontaneous bleeding. 

As with renal angiomyolipomas, confident diagnosis is achieved detecting the presence 
of fat in an adrenal mass. The suprarenal localization determines the differentiation with 
angiomyolipomas, and this is where multiplanar images of reconstructed multidetector CT 
or sagittal and coronal MRI sequences are most helpful. 

On CT, fatty areas have attenuation values below —30 HU. Areas of bone marrow elements 
present as soft tissue densities within the lesion. The margins are well defined except when 
bleeding extends the lesion into the adjacent fat. 

The fatty elements of myelolipomas behave as the retroperitoneal fat in the different 
MRI sequences, typically hyperintense in T1 WI. Fat-suppressed images show signal inten- 
sity loss in fatty areas. No chemical-shift should be expected because fat in these lesions in 
the form of adipose tissue is not related to intracellular lipids as opposed to adrenal ade- 
nomas. Bone marrow elements have no characteristic signal intensity and may appear vari- 
able depending on its composition. Areas of hemorrhage vary its signal intensity depending 
on the time passed since bleeding. 

Myelolipomas have no malignant potential. The clinical relevance of these lesions lies in 
the increased spontaneous bleeding risk with size, especially when larger than 10 cm. 


Nonenhanced axial CT (Fig. 2.13) demonstrates the presence of a predominantly fat 
nodular lesion in the left adrenal gland (open arrow). The lesion has a punctate peripheral 
calcification (arrow). Figure 2.14: T2-weighted axial image at the same level as Fig. 2.13 
shows internal signal intensity similar to the surrounding fat (open head arrow). T2-weigted 
coronal fat-suppressed MR image (Fig. 2.15) shows signal intensity drop of the fatty tissue 
from the lesion (open arrow), similar to the surrounding retroperitoneal fat (head arrow) 
compared to Fig. 2.12. In-phase (a) and out of phase (b) axial T1-weighted MR images 
(Fig. 2.16) depict no drop of signal in the fatty tissue of the angiomyolipoma as opposed to 
adenomas. 
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Imaging workup of a 71-year-old male with recurrent bladder tumor. No previous 
abdominal scan had been performed. 


Ganglioneuromas are uncommon neurogenic slow-growing tumors that may arise from 
any of the paravertebral sympathetic ganglia, occasionally from the adrenal medulla. 
Unlike ganglioblastomas and neuroblastomas - also neurogenic tumors derived from the 
sympathetic neurons of the neural crest - ganglioneuromas lack malignant potential and 
are therefore considered benign. 

They are usually found in the posterior mediastinum or in the retroperitoneum, and 
15-30% are adrenal. 

A low percentage of cases are symptomatic due to catecholamine secretion or present as 
unspecific abdominal pain or palpable mass. Asymptomatic ganglioneuromas account for 
about half of the cases and are discovered incidentally in young adults with no sex 
predilection. 

Adrenal ganglioneuromas appear on CT as a well-defined solid homogeneous mass. Size 
at diagnosis is generally over 5 cm. On nonenhanced CT they usually have low attenuation 
values and demonstrate a low or moderate enhancement after contrast administration. 
Calcifications can be present in approximately half of the cases. 

On MR, they have low signal intensity on T1-weighted sequences and heterogeneous 
high signal intensity on T2-weighted sequences. Slow and late progressive enhancement 
can be seen with contrast, especially on delayed images. 

A typical whorled appearance has been described for ganglioneuromas. 

Ganglioneuroblastomas are similar tumors that unlike ganglioneuromas have imma- 
ture tissue that is malignant or has malignant potential. They are less frequent and appear 
in childhood. The adrenal gland is the most common site of origin. They may present with 
abdominal pain and distension. As aggressive tumors, they may have irregular contours 
and invasion of adjacent organs but there are no typical imaging features on CT. Signal 
intensity on MR of ganglioneuroblastomas and neuroblastomas is similar to that of gangli- 
oneuromas. Dynamic MR helps in the differential diagnosis as the formers have increased 
early enhancement unlike ganglioneuromas. 

Final diagnosis is histological after surgical resection that is generally indicated because 
they are usually nonfunctional adrenal masses with size greater than 5 cm. Prognosis of 
completely resected mature adrenal ganglioneuromas is excellent. 


Arterial phase axial CECT (contrast enhanced) (Fig.2.17) shows a homogeneous hypodense 
well-circumscribed left adrenal mass (open arrow). There is no enhancement in arterial 
phase. No calcifications are present in this case. Axial CECT on delayed phase (Fig. 2.18) 
demonstrates delayed enhancement, as compared to Fig. 2.17. Diffuse low signal intensity 
can be seen on precontrast axial Tl-weighted image with fat saturation (Fig. 2.19, solid 
arrow). Delayed diffuse enhancement similar to CT was seen on postcontrast images (not 
shown). Axial T2-weighted image (Fig. 2.20) shows hyperintense signal intensity of the 
lesion (open head arrow). 
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A 38-year-old patient presented with a 3-year history of palpitations, sweating, hand tremor, 
and fatigue. 


Pheochromocytoma is a neuroendocrine tumor of the adrenal medulla that secretes 
catecholamines. These tumors are typically unilateral and benign, but may be bilateral and 
malignant in 10% of cases. Approximately 10% of pheochromocytomas are extraadrenal 
and are then called paragangliomas. The clinical diagnosis is suspected in a young patient 
with hypertension; however, it is important to know that phechromocytomas are the cause 
of hypertension in less than 1% of hypertensive patients. Laboratory tests for the evaluation 
of suspected pheochromocytoma include plasma catecholamine levels, 24-h urine 
vanilmandelic acid, and metanephrine levels (the sensitivity of these tests is >99% and 
specificity is 89%). 

CT is the imaging modality of choice to confirm the diagnosis when clinical and labora- 
tory tests suggest pheochromocytoma. Small pheochromocytomas usually appear as oval 
and well-defined lesions. Large lesions (>4-5 cm) are more likely to contain areas of necro- 
sis or hemorrhage, as they are hypervascular tumors. Generally, pheochromocytomas con- 
tain no fat. However, in a small percentage of cases pheochromocytomas may have enough 
intracellular lipid content to present attenuation values <10 UH, which would make them 
indistinguishable from adenomas. Values of absolute washout and relative washout are sim- 
ilar to those of metastasis (<60% and <40%, respectively). Moreover, attenuation values in 
the portal phase tend to be higher than those of adenomas (up to 110-120 HU), although 
there is overlap. Heterogeneous enhancement of larger lesions is often observed making 
these pheochromocytomas indistinguishable from other adrenal lesions; therefore, bio- 
chemical correlation is required for diagnosis. In the clinical practice contrast administra- 
tion is often avoided in case of high suspicion of pheochromocytoma as it might cause 
hypertensive crisis. 

T2-weighted MRI sequences are more specific than CT because of the hyperintensity 
resulting from the presence of a cystic component. These tumors also manifest with 
moderate signal intensity on T2-weighted images. Pheochromocytomas rarely lose signal in 
out-of-phase (except for the rare cases of microscopic fat). After gadolinium administration, 
pheochromocytoma shows a marked and persistent enhancement. 


Coronal contrast enhanced CT arterial phase (Fig. 2.21) shows a left solid hypervascular 
adrenal mass with well-defined margins (open arrow) and small hypodense areas suggestive 
of areas of cystic change (arrow). The lesion does not contain fat or calcification. An MRI 
was also performed. Axial T2-weighted MRI sequences (Fig. 2.22) show a heterogeneous 
mass with areas of hyperintensity (open arrowhead) resulting from cystic component. No 
signal loss in out-of-phase sequences was seen (Fig.2.23).1-131 MIBG scintigraphy (Fig. 2.24) 
demonstrates focal deposition of radiotracer in left suprarenal location (posterior) (open 
arrow), with no activity in other areas studied. 
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A 77-year-old patient presented with a 5-year history of 


Case 7 anorexia and weight loss. An abdominal CT study was 
O performed. 
Adrenal Metastases 


Fig. 2.27 


Adrenal 


37 


Metastases are the most common malignant lesion involving the adrenal gland. Primary 
tumors that most often metastasize to the adrenal glands are the lung (40%), breast (20%), 
gastrointestinal tract, renal cell carcinoma, thyroid, and melanoma. Although adrenal 
metastases are frequent, we need to take into consideration that 50% of adrenal masses in 
oncologic patients are benign (mostly nonfunctioning adenomas). However,adrenal metastases 
in the absence of a known primary tumor (true incidentalomas) are rare. A rapid growth in 
4-6 months, reduction in size following chemotherapy, or the appearance of new lesions is 
very suggestive of metastases. Metastases are usually bilateral but may also be unilateral. 

It is important to emphasize that adrenal metastases have no characteristic imaging 
features. Larger lesions at CT imaging are accompanied by data that suggest malignancy 
such as ill-defined and nodular margins, heterogeneous attenuation, and a ring of 
enhancement or local invasion. They can also develop central necrosis. Calcifications are 
rare. The presence of concomitant metastases in other organs is unusual. Small metasta- 
ses may resemble adenomas. Metastases show an absolute percentage enhancement wash- 
out of less than 60% and a relative percentage enhancement washout of less than 40%. 

At MR imaging, adrenal metastases exhibit low signal intensity on T1-weighted images 
and high signal intensity on T2-weighted images, with progressive enhancement after 
administration of contrast material. The most important diagnostic feature is the lack of 
signal loss on out-of-phase images (in comparison with adrenal adenomas). 

18F-FDG PET/CT has a sensitivity of 97% and a specificity of 91% for differentiating 
between benign and malignant lesions, and the qualitative analysis (visual comparison 
between the adrenal mass uptake and liver uptake) has better accuracy compared to 
the quantitative analysis. PET is a highly accurate technique to differentiate between malig- 
nant and benign adrenal disease for lesions >1 cm, especially in the setting of cancer 
patients, other imaging studies being usually unnecessary in this subgroup of patients. 
However, this technique has limitations: 9% rate of false positive, due to a variety of benign 
causes, and a 3% rate of false negatives due to hemorrhagic or necrotic metastases, small 
size (<10 mm), or derived from tumors of low metabolism (bronchioloalveolar carcinoma 
and carcinoid tumors). PET/CT is also a high-cost technique and of limited availability. 

In those lesions that grow gradually, fine needle aspiration (FNA) can be used before 
deciding for surgery. In cancer patients with a high suspicion of metastatic disease, FNA is 
particularly indicated when the definite diagnosis may involve a change in the therapeutic 
management. 


Coronal enhanced CT scans at nephrographic and excretory phase (Figs. 2.25 and 2.26) 
show left adrenal mass (open arrows) of 9 cm in size, with heterogeneous enhancement, 
irregular margins, and central necrosis (arrows). In addition, a small satellite lesion of 1 cm 
cranial to the mass is observed (open arrowheads). Moreover, a lytic lesion with soft tissue 
component in the right sacroiliac region is observed (arrowheads). Axial enhanced CT at 
nephrographic phase (Fig. 2.27) shows in the middle third of the right kidney an enhancing 
lesion measuring 3 cm suggestive of renal cell carcinoma (star). Axial contrast-enhanced 
CT image (Fig. 2.28), obtained with lung window settings, shows four round and small 
nodular lesions of diferent sizes in lower lobes, suggestive of metastasis (small arrows). 
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A 67-year-old male presented with an 18-month history 


Case 8 of progressive right-sided flank pain/discomfort with 
= 3 ; weight loss, asthenia, and anorexia. A large mass was 
Adrenocortical Carcinoma palpable in the right upper quadrant of the abdomen 


on physical examination. Biochemical and endocrine 
evaluation showed normal adrenal function. 
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Adrenocortical carcinomas (ACC) are rare malignant tumors arising from the cortex of 
adrenal gland with an annual incidence of 0.5-2 patients/million population. Approximately 
50% are functional, and Cushing’s syndrome is the most frequent presentation. Up to 5% 
of all incidentally found adrenal masses are ACC, and its prevalence is related to the size 
(2% of tumors <4 cm, 6% of tumors >4 cm and <6 cm, and 25% of tumors larger than 
6 cm). Large-sized lesions have also worse prognosis, with a 5-year survival rate of less than 
50%. At the time of diagnosis, 20-50% of patients have metastasis. 

ACC presents characteristically as large heterogeneous masses in the suprarenal region, 
frequently displacing adjacent organs, with irregular, nodular, and poorly defined margins. 
Heterogeneous enhancement after intravenous administration of contrast material, mainly 
peripheral, is characteristic. On MRI, there may be an inhomogeneous predominantly low 
signal intensity on T1WI and high signal intensity on T2WI; and on CT, may show low 
attenuation areas with foci of high attenuation that correlate with necrosis and hemor- 
rhage. Calcifications may be found in 20-30% of cases. The presence of these features as 
well as local invasion, distant metastasis, and lymphadenopathies are suggestive of ACC. In 
some cases, there may be tumor extension into the inferior vena cava via the adrenal veins, 
the identification of which is crucial for surgical planning. 

Nevertheless, lesions <5 cm may be homogeneous, with smooth and well-delineated 
borders, without invasion of adjacent structures. Therefore, adenoma and small-sized 
metastases must be included in the differential diagnosis. 

On chemical shift MRI, ACC do not exhibit signal loss on opposed-phase images because 
they generally do not contain intracellular fat. 

ACC are fast-growing tumors and it is unusual that untreated malignant lesions do not 
increase in size over a period of 6 months. Therefore, the stability of tumor size on imaging 
follow-up may exclude the diagnosis of ACC. 

The definitive diagnosis is usually established by histology and immunohistology (core 
needle biopsy or excisional surgery). 


A multiphasic abdominal MDCT is performed. Late arterial phase axial CT through the 
upper abdomen (Fig. 2.29) and oblique coronal MPR image from portal venous phase CT 
(Fig. 2.30) show a large hypervascularized right flank/upper quadrant abdominal mass 
which presents heterogeneous enhancement after intravenous administration of contrast 
material, mainly peripheral (open arrows), as well as a central area of necrosis (asterisks). 
The mass displaces the right kidney inferiorly and compresses the liver and inferior cava 
vein (arrow). There is a thin hypodense cleavage plane (open arrowheads) between the 
tumor and the liver, inferior cava vein and kidney, which excludes direct tumor invasion. 
Calcifications can be seen inside the tumor (arrowhead). 

Oblique coronal thick-slice MIP image (Fig. 2.31) shows marked hypervascularization 
with thick neoformated arterial vessels (open arrows). 

Coronal thin-slice MIP image (Fig. 2.32) shows compression of the inferior vena cava 
which is permeable (open arrows). 
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A 31-year-old man with AIDS is evaluated for abdominal pain. A renal mass is seen on 
ultrasound and further characterization is performed with abdominal CT. 


Lymphomas are lymphoproliferative malignancies that are classified into Hodgkin and 
non-Hodgkin; the latter includes more than 30 types. Extranodal lymphoma refers to 
involvement of organs and tissues other than lymph nodes, thymus or, in non-Hodgkin 
lymphoma, also the spleen. Extranodal lymphoma is more common in non-Hodgkin 
lymphomas and in patients with recurrent disease or immunodeficiency-related diseases 
such as AIDS. 

Although lymphoma of the adrenal gland is uncommon, in 4% of patients with non- 
Hodgkin lymphoma there is adrenal involvement. Primary adrenal lymphoma is extremely 
rare and most of adrenal lymphomas are secondary to extraadrenal non-Hodgkin lympho- 
mas usually associated with retroperitoneal adenopathy. Diffuse B-cell type is the most 
common type of primary adrenal lymphoma. 

They may replace normal gland and although they are usually clinically silent, they may 
present with adrenal insufficiency symptoms (Addison disease), especially when bilateral. Up 
to 50% of cases are bilateral, a percentage that rises to 70% in primary adrenal lymphomas. 

On NECT, lymphomas normally appear as a big soft tissue mass, mainly hypodense with 
preserved adrenal shape. When large, they may appear heterogeneous or as a complex 
cystic mass due to central necrosis. Smaller lesions tend to be homogeneous and are diffi- 
cult to differentiate from lipid-poor adenomas. Contrast enhancement is moderate being 
less than the renal cortex. Calcification is rare in the absence of treatment. 

On MR, adrenal lymphomas have low signal intensity on T1-weighted images and a 
typical heterogeneous signal on T2 WI. 

On US lymphomas appear as homogeneously hypoechoic lesions with echogenic areas 
within the mass. 

The presence of concomitant multiple big retroperitoneal lymphadenopathy or 
ipsilateral renal involvement suggests diagnosis of adrenal lymphoma. 


Axial nonenhanced CT (Fig. 2.33) shows bilateral adrenal masses (open arrows). The left 
adrenal contacts widely with the upper pole of the kidney (solid arrow). On CECT (Fig. 2.34), 
mild homogeneous enhancement is seen in the adrenal masses, lower than kidney 
enhancement. Coronal CECT (Fig. 2.35) depicts associated retroperitoneal interaortocaval 
lymphadenopathy (open head arrow). The adrenal mass reached and encased the renal 
artery without infiltration (solid head arrow). On CECT (Fig. 2.36), the retroperitoneal 
adrenal mass infiltrates the left upper pole of the kidney (asterisk). 
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A 53-year-old male was admitted to the emergency 


Case 10 room and was diagnosed of a type B thoracic aorta 
E dissection on the CT examination with bilateral adrenal 
Adrenocorticotropin-Independent nodules. Subsequent hormonal study showed increased 
Macronodular Adrenal Hyperplasia cortisol in urine and low adrenocorticotropin (ACTH). 
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The most common cause of Cushing’s syndrome is iatrogenic. Endogenous Cushing’s 
syndrome is divided into ACTH-dependent and ACTH-independent forms. The latter is 
less common (around 20%) and always caused by primary adrenal disease. 

ACTH-independent macronodular adrenal hyperplasia (AIMAH) is one of the causes of 
ACTH-independent Cushing’s syndrome. Other causes include adrenal neoplasms (func- 
tional adenoma or carcinoma) that account for 95% of the cases, and primary pigmented 
nodular adrenocortical disease (PPNAD). 

The pathogenesis of this disease still remains unclear and several hypotheses are under 
debate, including autonomous hypersecretion after chronic ACTH stimulation or secretion 
in response to other stimulating hormones other than ACTH. 

AIMAH occurs in patients with a mean age older than those with ACTH-independent 
functional adenomas - around the fourth decade of life - and has a slight male predilec- 
tion. Although a few familial cases have been reported, AIMAH is generally sporadic. 
Symptoms associated with this condition are hypertension, weight gain, and glucose intol- 
erance or diabetes mellitus. 

Normal adrenal glands have an inverted V or Y shape on axial CT imaging and normal 
limb thickness is <5 mm. Adrenal hyperplasia is defined by histopathological examination; 
however, large lesions may be characterized by imaging techniques. ACTH-dependent 
Cushing’s syndrome adrenal hyperplasia appears as diffuse bilateral enlargement or nodu- 
lar hyperplasia (micro or macronodular) with nodules generally <2 cm. PPNAD is usually 
seen as micronodular hyperplasia. 

CT appearance of AIMAH is quite unique, showing massive bilateral adrenal hyperpla- 
sia with multiple nodules in the limbs that range from 1 to 5.5 cm, being larger than those 
of other diseases. Nodules, as in lipid-rich adenomas, are hypodense on unenhanced CT 
images. As CT imaging is characteristic, MR is not mandatory but can still be useful. On 
T1-weighted MRI sequences, nodules are seen as hypointense in relation to liver, slightly 
hyperintense on T2-weighted images and with a drop of signal on out-of-phase images. 
I-131-labeled adrenal scintigraphy shows increased bilateral uptake. 

The nodules in PPNAD are hypointense on T2-weighted images, and nodules of hyper- 
plasia on ACTH-dependent Cushing’s syndrome tend to be isointense. 

The treatment of choice is bilateral adrenalectomy that may be performed by laparoscopy. 


Nonenhanced axial CT image (Fig. 2.37) shows bilateral adrenal hyperplasia (open arrows) 
seen as multiple nodules, some >2 mm, along the adrenal limbs. Lipid-rich nodules are seen 
as hypodense nodules. Contrast-enhanced CT scan in arterial phase (Fig. 2.38) shows the 
aortic dissection (solid arrow). Mild enhancement, more evident at the periphery of the 
nodules is depicted (open arrow). Contrast-enhanced CT scan in venous phase (Fig. 2.39) 
depicts better the peripheral enhancement of the nodules. Coronal image (Fig. 2.40) 
demonstrates the characteristic macronodular hyperplasia of AIMAH (solid arrowhead). 
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A51-year-old woman heavy smoker presented with macroscopichematuria.A CT-urography 
and cystoscopy were performed. A mass in the right renal pelvis was found and a 
nephroureterectomy was performed. 


Urothelial carcinoma of the upper urinary tract is relatively uncommon. Excretory 
urography (EU) detection rates for this condition range from only 50% to 60%. CT 
urography demonstrates a high sensitivity (94-96%) for detecting upper tract uroepithelial 
malignancies. Two different CT patterns of urothelial carcinomas have been described: 
pelvicalyceal and ureteral masses and pelvicalyceal and ureteral wall thickening. 

Pelvicalyceal and ureteral carcinomas present as a soft tissue mass in unenhanced CT 
that enhance after IV contrast administration and have irregular internal margin, as in the 
present case. Differential diagnosis with blood clots, papillae, and fungus ball is required 
because these masses do not enhance after intravenous contrast administration. Differential 
diagnosis with benign enhancing masses can only be done by biopsy (nephrogenic ade- 
noma, fibroepithelial polyp, malacoplakia, and inflammatory pseudotumor). 

Pelvicalyceal and ureteral wall thickening can have either benign or malignant appear- 
ances according to the signs described in the recent literature: 


e Pelvicalyceal and ureteral stenosis with low density, smooth, and long mural thickening 
are suspicious of benign cause. Edema, inflammation, infection, and fibrosis can present 
with these features. 

O Pelvicalyceal or ureteral soft-tissue density, short and irregular internal mural thicken- 
ing are suspicious of malignancy, mainly urothelial carcinoma. 


Unenhanced axial CT scan (Fig. 3.1) shows a soft-tissue density mass in the renal pelvis 
(open arrow). Contrast-enhanced axial CT (Fig. 3.2) depicts enhancement of this mass (30 
HU). CT in the excretory phase (CT urography) (Fig. 3.3) demonstrates an anterior mural 
pelvic mass with internal irregular margin (arrows). Pathologic specimen depicted a low- 
grade papillary urothelial carcinoma of the right renal pelvis. 
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A 43-year-old man with AIDS receiving antiretroviral therapy presented to the hospital 
with a 3-month history of fever, right lumbar pain, and dysuria. Urine culture was positive 
for Mycobacterium tuberculosis. An abdominal CT was performed. 


Urinary tract tuberculosis (tbc) occurs in 8-15% of patients with pulmonary tuberculosis. 
It has an insidious onset with urinary symptoms developing in advanced disease. AIDS 
infection increases the risk of bacillemia and extrapulmonary tuberculosis. In fact, two- 
thirds of patients with urogenital tuberculosis had concomitant AIDS. Sterile leukocyturia 
and hematuria are suggestive of urogenital tuberculosis. When tuberculosis bacilli reach 
the kidney, granulomas form and remain indolent for many years; these kidney granulomas 
are depicted as renal abscess or masses. If reactivation occurs the infection spreads into the 
medulla, involving the papillae and the collecting system. Renal tuberculosis manifests by 
a dilated calyx and attenuated papillae; infundibular stricture formation may result in focal 
nonexcretion (“phantom calyx” formation). Calcification is present in a large number of 
cases presenting as thin rims surrounding cavities or diffuse uniformly radiodense cavities 
called autohephrectomy in late-stage disease. Ureteral smooth long thickening and mural 
bladder thickening with perivesical fat stranding can be seen in the acute phase that turns 
into ureteral stenosis and reduction of bladder capacity and pyeloureteral reflux if the 
process chronifies. The findings of multiple stenoses of the collecting system or simultaneous 
involvement of kidneys and bladder are highly suggestive of tbc. Differential diagnosis 
with other systemic bacterial infections and AIDS-related lymphoma must be done. In 
cases of relapse and medical resistance nephrectomy is recommended. 


CT images depict persistent parenchymal contrast enhancement and dilated calyx 
secondary to infundibular stenosis (Figs. 3.4 and 3.5, open arrow) and diffuse ureteral low 
enhancement and smooth mural thickening consistent with acute infection (Fig. 3.6, 
arrows). Ureteral meatus edema and bladder wall thickening is also seen (Figs. 3.6 and 3.7, 
open arrowheads). All these signs are very specific of acute tuberculosis infection. 
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A 13-year-old boy presented with right lumbar pain. An ultrasound examination was 
initially performed. 


Ureteropelvic junction obstruction (UPJO) is defined as an impairment of the flow of urine 
from the renal pelvis into the proximal ureter. Primary UPJO occurs in the absence of a history 
of infection, stones, surgery, or ischemia (which are the main causes of secondary UPJO). 
Various intrinsic and extrinsic conditions have been proposed as causes of primary UPJO, the 
most commonly accepted being the presence of an aperistaltic segment of the ureter or the 
pelvis and true congenital ureteral strictures (intrinsic), and fixed angulations, bands of tissue, 
high insertion of the ureter on the renal pelvis, and crossing vessels (extrinsic). 

The finding of a dilated renal pelvis with a ureter of normal diameter is the key for the 
diagnosis on imaging examinations. Differential diagnosis must be made with nonobstruc- 
tive extrarenal pelvis, which shows a less abrupt transition between the dilated pelvis and 
the ureter. 

Imaging evaluation of UPJO must include the determination of the degree of renal 
obstruction, the assessment of renal function, the identification of the cause of the problem, 
and the description of renal and perirenal anatomic variants that can influence the surgical 
technique. The presence of crossing vessels as cause of the stenosis is also an independent 
factor that worsens the prognosis. 

Crossing vessels are arteries or veins that cross the ureteropelvic junction area and may 
cause UPJO. Imaging studies can suggest the causative role of a determined vessel, depend- 
ing on its precise anatomic relationship with the ureteropelvic junction, and its site of ori- 
gin (origins close to the aorta are more frequently associated with UPJO). 

Computed tomography (CT), magnetic resonance (MR), contrast-enhanced color Doppler 
imaging (CE-CDI), digital substraction angiography (DSA), and endoluminal ultrasound 
have been proposed as methods for the detection of crossing vessels. 

CT examinations must be performed on a multidetector CT scanner since it offers iso- 
tropic or near isotropic row datasets that provide optimal imaging of the renal hilar anat- 
omy. Most UPJO CT protocols include arterial and venous (nephrographic) phase 
contrast-enhanced imaging that demonstrate arterial anatomy and asymmetries in cortical 
perfusion, as well as venous anatomy and asymmetries in tubular excretion, respectively. 

Multiplanar reformats (MPR) are mandatory for the adequate evaluation of anatomical 
relationships. 


Figure 3.8: Longitudinal ultrasound scan of the kidney shows moderate pelvicaliceal 
dilation of extrarenal predominance (open arrow). Figure 3.9: Sequential images of 99mTC- 
MAG3 scintigraphy show mild delayed enhancement of the right kidney (arrow) and pelvic 
obstruction (open arrowhead). Figure 3.10: Curved MPR of arterial phase contrast- 
enhanced CT shows an inferior accessory artery (arrowhead) running anterior to the 
dilated pelvis (open arrow). Note also the symmetry in renal perfusion. Figure 3.11: Curved 
MPR of venous phase contrast-enhanced CT scan shows an inferior accessory vein 
(asterisk) running parallel to the accessory artery. 
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A 75-year-old man complained of noncomplicated nephritic colic for 15 days. No lithiasis 
was visible on the abdominal X-ray. Dual-energy multidetector CT (MDCT) was performed. 
Dilatation of left upper urinary tract due to uric acid lithiasis was diagnosed. A control 
Dual-energy MDCT was repeated after completion of alkaline treatment. 


The prevalence of urinary calculus disease has risen over the past few decades. The main 
determinants in the clinical care of patients with urolithiasis are the location, size, and 
chemical composition of calculi, as well as the presence of anatomic and functional 
anomalies in the upper urinary tract. MDCT has a high diagnostic accuracy in the detection 
of urolithiasis approaching 100%. Dual-energy CT technology provides improved 
diagnostic characterization of materials. One of the most important applications of dual- 
energy CT is the differentiation between uric acid versus nonuric acid lithiasis. More 
advanced spectral dual-energy CT postprocessing techniques would be used in the future 
to characterize at least five different stone compositions. On the basis of treatment, urinary 
stones can be classified into three main groups: 


@ Uric acid stones, which can be treated medically (alkaline treatment). 

O Stones that can be easily fragmented by extracorporeal shock-wave lithotripsy 
(ESWL) - struvite, calcium oxalate dihydrate, and carbapatite 

@ Stones resistant to ESWL, requiring endourological management - cystine, calcium 
oxalate monohydrate, and brushite 


Unenhanced axial CT image shows dilatation of left renal pelvis (Fig. 3.12). Dual energy-CT 
postprocessed images demonstrate two lithiasis characterization with mostly uric acid 
composition. Uric acid lithiasis are represented in pink (note a small nonuric acid part in 
the big lower stone represented in blue) (Fig. 3.13, openarrow). Axial unenhanced CT and 
postprocessed VR images after alkaline treatment demonstrate a small nonuric acid 
ureteral stone that has not responded to alkaline treatment (Figs. 3.14 and 3.15, arrows). 
Note the left ureteral catheter. 
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A 52-year-old man with constitutional syndrome presented with a juxtavesical 
nodule incidentally identified on abdominal computed tomography (CT) 
performed as part of the diagnostic workup. 


Leiomyomas are noninfiltrative smooth muscle tumors with no mitotic activity, 
cellular atypia, or necrosis. The typical location of these benign mesenchymal 
neoplasms is the uterus (they can be found in 20-30% of women older than 
35 years), but they may arise in almost any anatomic site. Their most frequent 
location in the urinary system is the renal capsule. Bladder leiomyomas are 
uncommon (only 0.4% of all bladder tumors) but they represent the most frequent 
benign soft tissue vesical neoplasm. 

Typical leiomyomas are well-defined and homogeneous solid nodules ranging 
from a few millimetres to as much as 30 cm in size. On magnetic resonance (MR) 
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examinations, they show an intermediate signal intensity on T1-weighted images and a 
characteristic and highly specific low signal intensity on T2-weighted images. Degenerated 
leiomyomas may be markedly heterogeneous, with cystic areas or calcifications. 

Bladder leiomyomas are usually small. They arise in the submucosa, but may show an 
intravesical, intramural, or extravesical growth. Intramural and extravesical leiomyomas 
are usually asymptomatic and found, as in the case presented here, incidentally. Intravesical 
leiomyomas may cause hematuria or irritative urinary symptoms, or even outflow obstruc- 
tion when they are large or pedunculated. 

Intravesical leiomyomas must be preoperatively distinguished from urothelial carcino- 
mas to prevent unnecessary radical surgery. At radiological examinations, their smooth 
surface and the visualization of an intact mucosal layer help in the differentiation (carci- 
nomas typically show a much more irregular surface and arise in the mucosa). On cystos- 
copy, a preserved mucosa is found. 

Localized neurofibromas, paragangliomas, hemangiomas, lymphomas, or even non- 
neoplastic lesions like bladder endometriosis may be difficult to distinguish from bladder 
intramural leiomyomas on ultrasound or on computed tomography. Paragangliomas and 
hemangiomas typically show a higher contrast uptake and paragangliomas might present 
a highly specific ring calcification around their circumference. Primary vesical lympho- 
mas are extremely rare, extravesical findings usually suggest the diagnosis in secondary 
lesions. Extravesical leiomyomas must be differentiated from nonvesical lesions, mainly 
adnexal nodules, or even lymphadenopathies. 

MR characteristic features of typical leiomyomas usually suggest the correct diagnosis, 
but a histopathologic analysis is necessary for confirmation, especially because leiomyo- 
sarcomas and degenerated leiomyomas might have a similar appearance on MR images. 
The transurethral approach is best in intravesical lesions. It is mandatory to have a good 
evidence of the location of the nodule during the process, since leiomyoma biopsy sam- 
ples may be identical to muscle samples of the bladder wall. A laparoscopic, or in some 
cases even percutaneous, approach is recommended when the nodule cannot be correctly 
depicted on cystoscopy (extravesical and some intramural nodules). 

Treatment has traditionally involved resection, with the surgical approach depending 
on tumor size and location at the bladder wall. As no malignant transformation has been 
described in partially resected nodules and the accuracy of the histopathologic analysis is 
extremely high, a new acceptable approach is the conservative management in small 
asymptomatic lesions. 


Figure 3.16:Axial contrast-enhanced CT scan showsa well-circumscribed and homogeneous 
nodule at the left lateral wall of the bladder (open arrow). Figure 3.17: The same lesion is 
shown on this coronal contrast-enhanced CT scan (open arrow). Multiplanar reformats 
help define the relationship between the lesion and the bladder wall or extravesical 
structures. Figure 3.18: Ultrasound scan of the same nodule (open arrow). The preserved 
mucosa can be better identified with this technique. Figure 3.19: Enhanced ultrasound 31 s 
after the injection of the contrast agent shows homogeneous enhancement of the lesion 
(open arrow). 
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Fig. 3.20 


A 39-year-old woman presented with a 4-month history of gross hematuria. 


The urachus, also called median umbilical ligament, is a midline tubular structure that 
extends from the anterior bladder dome to the umbilicus, lying between the transverse 
fascia and the parietal peritoneum, in the preperitoneal perivesical space (the 
extraperitoneal space of Retzius). It is a vestigial remnant of the embryonic precursor of 
the bladder that in most fetuses involutes to a fibrous band before birth. In some subjects, 
however, the thin duct remains completely or partially patent. 

Malignant urachal neoplasms usually arise from patent remnants in the juxtavesical 
portion of the urachus (90%) and grow cranially toward the umbilicus and caudally 
through the bladder wall. Even though the urachus is, like the bladder, lined by transitional 
epithelium, the majority of urachal carcinomas are adenocarcinomas (90%), probably 
representing a malignant transformation of columnar metaplasia. Urachal adenocarcino- 
mas account for less than 0.5% of all bladder malignant neoplasms. 
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Urachal tumors tend to be clinically silent because of their extraperitoneal growth. 
Patients usually present when the bladder dome has already been infiltrated, commonly 
with hematuria, and sometimes with irritative bladder symptoms. The late presentation of 
symptoms leads to advanced disease at diagnosis and poor prognosis. 

Up to 75% of urachal adenocarcinomas produce mucin. This explains the complex cys- 
tic and solid appearance of most of them on computarized tomography (CT) and magnetic 
resonance (MR). There may be discrepancy between CT and ultrasonography (US) appear- 
ances because cystic areas within the tumor containing low-density mucin, sometimes 
show high echogenicity. As mucinous adenocarcinomas elsewhere, urachal tumors may 
contain psammomatous calcifications that can be easily depicted on CT and US images 
(50-70% of cases). Coronal and sagittal reformats/sequences are especially useful to iden- 
tify the characteristic location of the mass and to evaluate the macroscopic infiltration of 
the bladder dome, which can be difficult to depict on axial images. 

The finding of a midline mass anterosuperior to the bladder dome, with cystic areas and 
calcification, is highly suggestive of urachal adenocarcinoma. The infection of an urachal 
remnant may be difficult to distinguish from carcinoma; calcification, mural nodularity, 
and clinical context usually lead to the correct diagnosis, and a percutaneous needle biopsy 
can be performed in doubtful cases. Squamous cell carcinomas of the bladder may show a 
significant extravesical growth, but the characteristic location and growth of urachal 
tumors in the Retzius space is usually enough for differentiating both neoplasms. Bladder 
adenocarcinoma might be histologically identical to urachal carcinoma, again extravesical 
growth of urachal tumors is the best clue for the diagnosis. Differentiation between a vesi- 
cal and urachal origin of the tumor is important as a complete resection of the duct is 
recommended for the latter. 

Urachal tumors usually have a highly invasive behavior; it is thus difficult for imaging 
techniques to accurately depict the microscopic extension of the neoplasms to the bladder 
wall or surrounding fat. A significant number of patients present with local invasion or 
metastatic disease. This fact makes a chest and abdominal CT in the preoperative workup 
advisable. Spread into pelvic lymph nodes is common; the organs most frequently infiltrated 
in distal extension are the omentum, lung, liver, and bone. 


Figure 3.20: Axial contrast-enhanced CT scan at a level immediately cranial to the bladder 
dome shows a ventral midline mass (open arrow), predominantly cystic, with multiple 
calcifications and parietal nodules. Note the displacement of the anterior parietal peritoneum 
suggesting a preperitoneal location (arrow). Figure 3.21: Excretory-phase axial CT image at 
the level of the bladder dome suggests vesical invasion. The exact extent of the infiltration 
is difficult to define due to volume averaging effect. Figure 3.22: Coronal images allow a 
better depiction of the parietal infiltration of the bladder (open arrowhead). Note the high 
density of the vesical component of the tumor, in contrast with the cystic attenuation of the 
extravesical component. The left normal ovary can be identified (arrowhead). 
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A 76-year-old man complained of severe pelvic pain after Transurethral resection for 
bladder tumor. On suspicion of bladder rupture, a CT-cystography was performed. 


Bladder rupture is an uncommon injury, occurring in 10% of patients with pelvic fractures. 
However, 83% of patients with bladder rupture have a pelvic fracture. Bladder injuries can 
be categorized into several types: contusion, extraperitoneal rupture with leakage of urine 
limited to the perivesical space, or intraperitoneal rupture, in which the peritoneal surface 
has been disrupted, with concomitant urinary extravasation. Extraperitoneal bladder 
rupture is more common, with an 80-90% frequency rate; combined rupture occurs in 12% 
of cases. The most common signs and symptoms are gross hematuria (82%) and abdominal 
tenderness (62%). CT-cystography has replaced retrograde cystography for bladder rupture 
diagnosis in most trauma centers with a sensitivity and specificity of 100%. Adequate 
distension of the urinary bladder is crucial to demonstrate perforation and this is achieved 
by instillation of at least 350 mL of dilute (4-5%) contrast medium. The coronal plane is 
extremely useful for detection of bladder rupture and images in this plane are particularly 
appealing to surgeons because the orientation of structures is analogous to that encountered 
during an exploratory laparotomy. Contusion and extraperitoneal rupture can be managed 
safely by catheter drainage alone. Intraperitoneal rupture should always be managed by 
surgical exploration. All bladder perforations resulting from penetrating trauma should 
undergo emergency exploration and repair. 


Figures 3.23 and 3.24: Coronal CT cystograms show two sites of bladder rupture, at the 
right and left lateral walls (open arrows), into the extraperitoneal pelvic space. Note the 
peritoneal pelvic reflections (arrows). Coronal and axial CT images (Figs. 3.25 and 3.26) 
demonstrate bilateral extension of the urinoma into the infrarenal and perirenal spaces. 
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A 56-year-old man with a history of recurrent noninvasive bladder cancer presented to the 
Emergency Department with acute hematuria. An emergency cystoscopy was indicated 
but the results were nonconclusive due to the presence of intravesical blood clots that 
hampered proper visualization of the bladder walls. Thus, an ultrasound (US) study was 
required. 


Bladder cancer is one of the most common causes of acute hematuria of the low urinary 
tract. The current diagnostic standard method is cystourethroscopy, but it has significant 
limitations: it is invasive, expensive, and uncomfortable for the patients. In addition, 
cystourethroscopy misses a significant number of tumors during the acute period because 
of poor visualization of the bladder wall due to acute bleeding and presence of intravesical 
blood clots. On the other hand, transabdominal US is a noninvasive, inexpensive, and 
comfortable imaging technique frequently used to rule out the presence of bladder cancer. 
Bladder tumors <0.5 cm in size and those located in the bladder neck or in the dome are 
difficult to detect. In spite of its poor sensitivity to detect small bladder tumors, 
transabdominal US is the first-line imaging modality in patients with acute hematuria in 
many centers since it may detect urolithiasis or dilation of the urinary tract secondary to 
urolithiasis, and it has a very high positive predictive value for the detection of bladder 
cancer. Thus, if a bladder tumor is identified by US, the patient may be referred directly for 
transurethral resection of the bladder avoiding the necessity of more expensive imaging 
techniques to achieve a diagnosis. A recent additional tool is the administration of an 
intravenous contrast agent to improve US evaluation of the bladder. This modality allows 
real-time evaluation of the microvascularization of the bladder wall and of possible tumors. 
Contrast-enhanced US is especially helpful in the differentiation between blood clots 
within the bladder and bladder cancer in patients with acute hematuria. The differential 
diagnosis can be challenging using conventional US because the features of blood clots can 
mimic tumors if the clots adhere to the bladder wall or occupy most of the bladder lumen. 
In these cases, the use of a contrast agent allows the detection of tumor neovascularization 
that is one of the keys to diagnose bladder cancer using imaging modalities. On the contrary, 
bladder clots do not show enhancement because of their lack of vascularity. 


Baseline US study of the bladder (Figs. 3.27 and 3.28) reveal diffuse thickening of the 
posterior bladder wall with the presence of an intravesical mass compatible with a bladder 
clot (open arrows). However, this lesion could not be differentiated from bladder cancer 
because it was partially adhered to the thickened posterior bladder wall. The administration 
of a US contrast agent (Figs. 3.29 and 3.30) helped to confirm that the majority of the mass 
did not show enhancement, thus, corresponding to a blood clot. However, a small 
hypervascular lesion (arrow) compatible with bladder cancer was detected at the 
posterolateral right aspect of the bladder wall. Both findings were confirmed by cystoscopy 
and histology of the mass obtained by resection. 
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A 34-year-old man with a history of recurrent urethritis was referred to our Department 
complaining of penile-scrotal swelling immediately after urination accompanied by fever 
and local pain. 


Urethral infection usually secondary to Neisseria gonorrhoeae is one of the most common 
causes of urethral disease in men. The acute infection usually affects the anterior urethra 
and, if not treated correctly, the infection may progress to the posterior urethra, prostate, 
seminal vesicles, and epididymis. Imaging modalities are indicated only when treatment 
has not been effective. The imaging techniques most commonly used to evaluate the 
urethra are ultrasonography (US) and conventional fluoroscopic urethrography (retrograde 
urethrography and voiding cystourethrography) because of their cost and availability. In 
complicated urethritis, imaging findings include the presence of irregularity of the urethral 
lumen and urethral strictures. These strictures are usually located in the anterior urethra 
and especially in the bulbar segment due to its anatomical position, but they can be 
multiple and also affect the posterior urethra. In severe cases, the presence of periurethral 
abscesses and fistulas that connect the urethra with periurethral soft tissues and 
neighboring organs are common. When periurethral extension is suspected, further 
imaging studies such as CT-urography and MR imaging are recommended due to the 
limitations of urethrography in the evaluation of periurethral tissues. Both CT-urography 
and MR imaging have multiplanar capability and high spatial resolution, and have 
demonstrated better accuracy than conventional urethrography in the characterization of 
urethral strictures and periurethral involvement. However, MR imaging has the advantage 
of absence of ionizing radiation. T2-weighted images and contrast-enhanced sequences 
are very useful to evaluate the inflammatory changes around the urethra, the presence of 
periurethral abscesses and fistulas, and the extension of the disease. Thickening of the 
urethra with diffuse periurethral intermediate signal intensity on T2-weighted images that 
enhances after the administration of Gadolinium is usually seen. In some cases, periurethral 
abscesses can be detected as well-defined collections with peripheral rim-like enhancement. 
In addition, periurethral fistulous tracts can be found connecting the urethra to the 
perineum or other organs including the vagina and rectum. Other common causes of 
periurethral fistulas are penile trauma, pelvic surgery, and unsuccessful attempt at bladder 
catheterization. These fistulas can also benefit from the evaluation with CT-urography or 
MR imaging. 


Retrograde urethrography (Fig. 3.31) demonstrates a curvilinear collection of contrast 
material (open arrow) that extended from the penile urethra, a finding that is compatible 
with a urethral fistula. Voiding cystouretrography (Fig. 3.32) confirms the penile urethral 
fistula. Sagittal T2-weighted MR image of the pelvis (Fig. 3.33) reveals diffuse thickening of 
the urethra and periurethral tissues with a fistulous tract (arrow). Contrast-enhanced axial 
T1-weighted MR image (Fig. 3.34) shows inflammatory periurethral infiltration with loss 
of surrounding fat planes and a left fistulous tract (arrow) from the urethra to periurethral 
soft tissues. 
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A 74-year-old woman was referred to the Radiology Department with a suspected urethral 
mass after clinical examination due to the presence of dysuria and hematuria. 


Urethral cancer is rare, accounting for 1% of urological tumors and is much more common 
in women than in men. Squamous cell carcinoma is the most common type of urethral 
cancer and may appear as a lobulated, exophytic, or infiltrating mass. Metastatic urethral 
involvement is much more frequent, especially occurring by continuous dissemination 
from malignancies in adjacent organs such as the vagina, cervix, bladder, or anus. The 
diagnosis of urethral cancer is performed by urethroscopy and the major role of imaging 
modalities is local staging. Urethral carcinoma can spread directly to adjacent structures or 
metastasize to regional lymph nodes. CT and US have been described as useful for local 
staging but both have limitations to differentiate the urethra from adjacent structures. MR 
imaging with its superior soft tissue resolution is the recommended imaging modality for 
local staging of primary and secondary involvement of the urethra. The administration of 
contrast agent is considered the best method to evaluate the urethra and periurethral 
tissues. Endorectal or endovaginal coils provide higher spatial resolution but they are 
uncomfortable and not widely used. MR imaging is helpful in evaluating the size, location, 
and local extension of urethral tumors. Urethral cancer appears as intermediate/high signal 
mass on T2-weighted images disrupting the “target-like” zonal anatomy of the urethra and 
shows enhancement after the administration of contrast agent. In addition, diffusion- 
weighted imaging is useful, especially in patients with contraindication to contrast agents, 
because urethral cancer and metastases usually show restriction to water diffusion. The 
extraurethral spread of the process is a very important factor for prognosis and treatment 
planning and can be well identified using MR imaging. MR imaging is particularly useful 
in cases of suspected fistula because it can depict the fistulous tract. Moreover, MR allows 
the detection of enlarged inguinal and pelvic lymph nodes. 


Axial T1-weighted image (Fig. 3.35) shows enlargement of the urethra without well-defined 
masses. Axial T2-weighted image (Fig. 3.36) shows an inhomogeneous soft-tissue mass of 
the left distal urethra with ill-defined posterior borders. Contrast-enhanced axial 
T1-weighted image at two different levels of the urethra (Figs. 3.37 and 3.38) reveal a well- 
defined enhancing tumor (arrowheads) expanding the urethra and invading the anterior 
wall of the vagina (arrow). 
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A 59-year-old male presented with repeated hemospermia for several months, without a 
history of vague pelvic pain. A digital rectal examination determined a normal size of the 
prostate. 


Patients with seminal vesiculitis typically present with vague pain in the lower abdomen, 
perineum, scrotum, inguina, or lower back. The presence of hemospermia is more 
uncommon, although not exceptional. Due to the multiplicity of symptoms and low 
morbidity, the diagnosis of seminal vesiculitis has been frequently difficult. Imaging 
techniques, such as vesiculography, CT, transrectal ultrasonography, and MRI have allowed 
the depiction of a possible chronic infection of the seminal vesicle (SV). However, the 
limitations of vesiculography, CT, and transrectal ultrasonography are well recognized. The 
use of MRI may be superior to the use of the above-mentioned imaging techniques. First, 
MRI does not have the potential side effects of radiation exposure or allergic response to 
iodinate contrast medium, and MRI can provide more information regarding tissue 
characteristics. For example, fluid content, high protein content, or hemorrhage within the 
cystic lesions can be easily determined by using various pulse sequences. MR imaging may 
demonstrate diffuse SV wall thickening. Diffuse enhancement of the wall and septa of the 
SV can be seen at CT or MR imaging. Although diffuse wall thickening and enhancement 
are considered imaging findings of vesiculitis, no reports have described the diagnostic 
criterion for the wall thickening. 


Axial T1-weighted MRI (Fig. 4.1) shows high signal intensity on the left seminal vesicle due 
to hemorrhage or proteinaceous fluid. T2-weighted MRI on the three planes (Figs. 4.2-4.4) 
(open arrows) shows higher signal intensity of the left seminal vesicle and wall thickening 
related to chronic seminal vesiculitis. 
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A 54-year-old man presented with lower urinary tract symptoms and hematuria. 


Prostatic cysts are the most commonly encountered congenital anomalies of the prostate. 
Prostatic cysts are characterized by their location in relation to the prostate, which may be 
midline (prostatic utricle and Mullerian duct cysts), paramedian (cysts of the ampulla of 
the vas deferens and ejaculatory duct), or lateral (seminal vesicle and prostatic cysts). 

Utricular cysts arise from the dilatation of the prostatic utricle, originating from the 
verumontanum. They communicate with the prostatic urethra and contain white or straw- 
colored sperm-free fluid, which is of high signal on T2-weighted MR images. Utricular 
cysts are usually smaller than Mullerian duct cysts, showing a teardrop shaped, and do not 
extend above the base of the prostate. They usually manifest in the first two decades of life 
and are frequently associated with other genital anomalies including hypospadias, cryp- 
torchidism, or ipsilateral renal agenesis. 

Mullerian duct cysts are embryologic remnants of the Mullerian duct system. Unlike 
utricular cysts, Mullerian duct cysts do not communicate with the prostatic urethra. When 
large, Mullerian duct cysts can extend superolaterally above the prostate gland and may 
contain hemorrhage and debris. They are connected to the verumontanum by a stalk. 
Mullerian duct cysts are rarely associated with renal agenesis. These cysts are usually dis- 
covered in infertile males in the third or fourth decade of life because they are the most 
common cause of ejaculatory duct obstruction. Stones, which may cause hemorrhage into 
the cyst, are common and virtually diagnostic if found to lie in a retrovesical cavity that is 
not connected to the bladder. 

Clinical symptoms in Mullerian and utricular cyst can range from voiding difficulty to 
infertility and often overlap between the two cyst types, although most patients are asymp- 
tomatic. The clinical features of utricular and Mullerian duct cysts include pelvic mass, 
obstructive and irritative urinary tract symptoms, hematuria, suprapubic or rectal pain, 
sexual dysfunction, and symptoms of ejaculatory duct obstruction, such as hematospermia. 
Urine may pool in utricle cysts since these cysts communicate with the urethra, occasion- 
ally resulting in the distinctive feature of postvoid dribbling. 

Utricular and Mullerian duct cysts show generally high signal intensity on T2-weighted 
MR images secondary to their fluid contents. These cysts demonstrate variable signal inten- 
sity on T1-weighted MR images depending on the presence of infection or hemorrhage. 

The indication for treatment of these cysts is based on symptoms and does not differ 
between cyst types. Generally small, asymptomatic, incidentally diagnosed cysts and well- 
drained cysts are best left alone with periodic follow-up. 


Axial T1-weighted MRI (Fig. 4.5) shows a small high signal intensity cyst located in the 
midline. T2-weighted MRI on the three planes (Figs. 4.6-4.8) shows the cyst arising from 
the verumontanum and communicating with the urethra (open arrow) 


Comments 


Imaging Findings 
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Seminal Vesicle Cyst with Renal Agenesis 
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A 43-year-old man was referred for further evaluation of a cystic lesion in the pelvis. He 
was completely asymptomatic, although he experienced gross hematuria several months 
before his visit. 


Seminal vesicle cysts may be congenital or acquired. Congenital seminal vesicle cysts can be 
classified as isolated cysts, cysts associated with upper urinary tract anomalies, and cysts 
associated with autosomal-dominant polycystic kidney disease. SVC are associated with 
ipsilateral renal agenesis or dysplasia in two-thirds of patients. Ectopic ureteral insertion 
into the seminal vesicle, ejaculatory duct, vas deferens (VD), prostatic urethra, or agenesis 
of the VD or a blind-ending ureteral bud remnant may be associated. The male reproductive 
and urinary systems are closely related embryologically and anatomically, explaining the 
coexistence of renal and reproductive duct anomalies. Symptoms mostly develop due to the 
irritation of adjacent organs by the enlarged and inflamed cyst. Bladder irritation causes 
urgency, frequency, dysuria, and hematuria. Cyst distention may cause perineal, suprapubic, 
flank, pelvic, and scrotal pain; hematospermia; postcoital pain or discomfort; as well as 
painful defecation. Occasionally, infertility may be the chief complaint. 

Although congenital anomalies of the seminal vesicles are rare, they are likely to be 
increasingly encountered because of the continued growth in the use of ultrasound, CT, 
and MRI. In ultrasonography, SVC typically appear as paramedian cystic structures. Such 
cysts should be distinguished from Miillerian duct cysts, which are characterized by 
a midline location with normal seminal vesicles on either side. On MRI, SVC are of 
variable signal intensity on Tl-weighted images, generally of fluid signal intensity on 
T2-weighted images, and are nonenhancing after intravenous gadolinium administration. 
High signal on T1-weighted intensity is thought to be due to hemorrhage or an increased 
concentration of proteinaceous fluid. MRI is a better technique for defining anatomic 
relationships. Differential diagnosis must be made from cystadenoma and papillary 
adenoma, both benign tumors of the seminal vesicle, which may mimic simple cystic 
enlargement. Other differential diagnoses include Miillerian duct cysts, diverticula of the 
ejaculatory ducts or ampulla of the vas DEFERENS, prostatic cysts, and malignant tumors 
of the vesicles, both primary (adenocarcinoma and sarcoma) and secondary, caused by 
spread from the bladder, prostate,rectum,and lymphomas. When the patient is symptomatic, 
surgical excision is the treatment of choice. 


Axial T1-weighted MR image (Fig. 4.9) shows a round well-defined mass arising from the 
left side of the base of the prostate, causing impression to the bladder with high signal due 
to hemorrhage or proteinaceous fluid. Axial T2-weighted image (Fig. 4.10) shows 
intermediate signal of the cyst due to the related component of the fluid and the 
corresponding STIR sequence (Fig. 4.11) shows low signal due to suppression of the high 
T1 signal of the fluid. Coronal T2-weighted image (Fig. 4.12) shows the cyst connected to a 
blind-ending ureteral bud remnant due to ipsilateral renal agenesis (Figs. 4.12 and 4.13). 


Comments 


Imaging Findings 
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A 45-year-old male with dysuria, malaise, and intermittent fever of unknown origin for 
several weeks has revealed a PSA level of 17 ng/mL. A repeated analytic examination 
showed similar PSA value. 


Chronic prostatitis is one of the diagnostic challenge on MRI imaging. Either conventional 
T2-weighted MRI, dynamic contrast enhancement, or MR spectroscopy might show similar 
findings as prostate cancer. On T2-weighted sequence prostatitis might show also low 
signal intensity within the normal high signal of the peripheral zone. Nevertheless usually 
prostatitis might show either diffuse low signal intensity or a patch pattern with regular 
margins which could differentiate the nodular irregular pattern of prostate cancer. There 
is much overlap with the metabolic ratio on spectroscopy with prostatitis and prostate 
cancer as both conditions might show elevated choline plus creatine/citrate (CC/Ci) ratio. 

Histologically, chronic prostatitis is characterized by extracellular edema surrounding 
the involved prostatic cells with lymphocytes, plasma cells, macrophages, and neutrophils 
in the prostatic stroma. This abundance in cells as compared with normal prostatic tissue 
may lead to an ADC decrease because of decreased extracellular to intracellular fluid 
volume ratio, but probably not as low as prostate cancer. There are no available reports on 
DWI characteristics of chronic prostatitis, but probably as the present case, data of 
diffusion-weighted sequence with the ADC map might help to differentiate prostatitis and 
prostate cancer combining also the information of T2-weighted image. Either spectroscopy 
or dynamic contrast MR imaging might show similar findings in chronic inflammatory 
and neoplastic disease; for this reason DWI might improve the negative predictive value of 
functional MRI on patients with high level PSA due to either chronic prostatitis or benign 
prostatic hyperplasia. 


Axial T2-weighted MRI (Fig. 4.14) shows bilateral low signal intensity focus, although with 
regular edges suspicious for malignancy. The corresponding three-dimensional 1H MR 
spectroscopic imaging data (Fig. 4.15) shows an elevated (choline plus creatine/citrate) CC/ 
Ci ratio from both sizes suspicious for cancer. The DWI on the ADC map does not show 
reduction of diffusion, without demonstrating low ADC values (Fig. 4.16), which would be 
represented by blue color. The dynamic contrast-enhanced MRI image (Fig. 4.17) shows 
bilateral high vascularization, especially on the right side suspicious for cancer. Histologic 
diagnosis was diffuse prostatitis. 


Joan C. Vilanova, Roberto Garcia-Figueiras, Maria Boada, and Joaquim Barceló 


Fig. 4.19 


Fig. 4.20 Fig. 4.21 


Prostate and Seminal Vesicles 


77 


A 67-year-old male had a history of moderate lower urinary tract obstructive and irritative 
symptoms consisting of frequency, urgency, poor force and caliber of his urinary stream, 
and nocturia. The rectal exam revealed a markedly enlarged prostate gland, and a urinalysis 
revealed 5-7 white blood cells/high power field. The patient’s prostate-specific antigen 
(PSA) was 6.5 ng/mL. 


Benign prostatic hyperplasia (BPH), also known as benign prostatic hypertrophy or 
prostatic adenoma, is a histologic diagnosis characterized by proliferation of the cellular 
elements of the prostate, especially located in the transitional zone. BPH is considered 
a normal part of the aging process in men and is hormonally dependent on testosterone 
and dihydrotestosterone (DHT) production. An estimated 50% of men demonstrate 
histopathologic BPH by age 60 years, and 90% by age 85 years. The voiding dysfunction 
that results from prostate gland enlargement and bladder outlet obstruction is termed 
lower urinary tract symptoms or prostatism. BPH can be treated with medication, a 
minimally invasive procedure or, in extreme cases, surgery that removes the prostate. 
Although MR imaging provides excellent resolution of internal prostatic anatomy, 
information with respect to the ratio of glandular to stromal tissue in the prostate, and an 
accurate estimate of prostate volume, its use in patients with BPH is limited by its high cost 
and limited availability. In contrast, TRUS remains an important tool in the evaluation of 
patients with prostatic disease. Similar to MR imaging, TRUS provides excellent images of 
internal prostatic anatomy and an accurate estimate of prostate volume prior to treatment. 
In addition, this imaging modality is noninvasive, cost-efficient, easily adapted to office 
use, and able to provide guidance for transrectal prostate biopsy. Transabdominal 
ultrasound is used to assess prostate volume. For a symmetrical gland the following formula 
is commonly used to calculate the size: = weight=0.5 x D1 x D2 x D3, where DI is the 
transverse diameter, D2 the anteroposterior, and D3 the craniocaudal. BPH can show a 
wide and variable aspect on ultrasound. Typically the larger size of the transitional zone is 
less echogenic than the peripheral gland compressed. Hypertrophic transition zone can 
be homogeneous or heterogeneous. Echogenic foci can be observed with ultrasound, 
especially in the area of the surgical capsule, corresponding to calcifications. 

BPH might raise the levels of prostate-specific antigen (PSA). For this reason currently 
it is a challenge to rule out prostate cancer on those patients with BPH, high PSA levels, and 
with several negative biopsies. Thus MRI could play a role to select patient candidates to 
biopsy and avoid unnecessary biopsies in patients where the high levels of PSA can be due 
to the BHP. 


Transabdominal US (Fig. 4.18) showing the measurement of the size of the BPH. Axial view 
from transrectal ultrasound (Fig. 4.19) shows a large size from the prostate gland. 
Corresponding axial T2-weighted image (Fig. 4.20) shows the heterogeneity of the 
transitional zone with low signal and some high signal areas due to adenomatous tissue. 
Sagittal T2-weighted image (Fig.4.21) demonstrates the large size of the anterior transitional 
zone, compressing the bladder. 


Comments 


Imaging Findings 
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A 67-year-old male without a previous biopsy presented with a PSA level of 6.7 ng/mL and 
free-to-total PSA ratio (%fPSA) of 8%. Previous PSA level one year before was 3.5 ng/mL. 
Digital rectal examination was unremarkable. The urologist requested an MRI previously 
to perform a biopsy. 


The methods most commonly used to detect prostate cancer (PC) are digital rectal 
examination (DRE) and serum prostate-specific antigen (PSA) levels. Both methods 
provide suboptimal accuracy for PC diagnosis. The specificity of PSA levels is poor for PSA 
level below 10 ng/mL. %fPSA could be a useful tool combined with imaging, as Vilanova 
et al. reported that MR and MR spectroscopy combined with free-to-total PSA ratio 
improves the predictive value for PC detection. Improved staging is crucial to determine 
risk and prognosis, especially when differentiating between organ-confined PC and 
extracapsular extension or seminal vesicle invasion (SVI). Clinical factors associated with 
an increased incidence of SVI include a high PSA level, a high Gleason grade, the presence 
of tumor at the base of the prostate gland, and lymph node metastasis. MRI is superior to 
DRE, transrectal ultrasound, and CT in predicting prostate-confined cancer. 

Tumor in the SV appears as a low-signal area in the high-signal fluid on T2-weighted 
images and as a low-signal area on T1-weighted images. Other findings, such as loss of 
the normal architecture of the SV, asymmetry, loss of the fat plane between the base of 
the bladder and the inferior aspect of the SV, focal or diffuse wall thickening, obliteration 
of the angle between the prostate and the SV, or direct tumor extension from the base of 
the prostate into and around the SV, may represent SVI. The use of functional techniques, 
such as dynamic contrast-enhanced MRI (DCE-MRI) or MR spectroscopy, can improve 
tumor detection and staging. Concerning SVs, T2 images combined with DWI shows 
significantly higher accuracy than T2-weighted imaging alone in the detection of SVI. The 
ADC values of SVI are significantly lower than those of normal SVs and cases of SVI exhibit 
high signal intensity on DWI. 


Axial T2-weighted fast spin echo (FSE) (Fig. 4.22) shows diffuse low signal in left peripheral 
gland. DCE-MR (Fig. 4.23, open arrow) demonstrates focal area of increased wash-out rate 
in the peripheral gland (red area, open arrow). Combined T2-weighted-FSE image plus 
parametric color map of ADC values (Fig. 4.24) demonstrates low ADC values (blue color) 
in the left peripheral gland. Axial T2-weighted fast spin echo (FSE) (Fig. 4.25), DWI 
(Fig. 4.26), and combined T2-weighted plus parametric map of ADC values (Fig. 4.27), at 
the level of SVs demonstrate low ADC values (blue color) in the seminal vesicles due to 
infiltration (open arrows). 
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A 67-year-old male presented with previous four negative biopsies for prostate cancer. His 
PSA level shows progressive rising from 6.70 ng/mL and currently 16.57 ng/mL. Free-to- 
total PSA ratio: 14.40% 


Prostate cancer occurs in the peripheral zone in 75-85% of cases; however, it has been 
shown that the transition zone, central gland, harbors cancer in up to 25% of radical 
prostatectomy specimens. Cancers located in the transition zone show some pathologic 
and clinical features that are different from the features shown by cancers located in the 
peripheral zone. It is important to accurately distinguish transition zone cancers with 
imaging to guide biopsy, plan disease-targeting therapies, and avoid positive anterior 
surgical margins at radical prostatectomy. Moreover, it is important to detect central gland 
prostate cancer in order to avoid repeated overlooked blinded biopsies. Biopsying the 
target lesion detected by MRI, especially using DWI, is more accurate than the current 
blind biopsy method, and the indication for biopsy could be more efficient than with 
current methods based on DRE and PSA values. Thus, performing prostate biopsy with 
MRI/DWI data available could improve the biopsy detection rate of prostate cancer. Despite 
the tendency of different ADC values in prostate cancer and noncancerous tissue, studies 
have also shown a significant overlap of the ADC values between prostate cancer and 
noncancerous tissue, which is attributed to the fact that the ADC varies widely in both 
prostate cancer and noncancerous tissue. This overlap of the ADC limits the accuracy of 
DWI in cancer detection. This overlap seems to be prominent between both prostate cancer 
and noncancerous transitional zone tissue because it has a lower ADC than peripheral 
zone tissue. Therefore, a higher diagnostic accuracy based on a region-of-interest analysis 
in previous studies might be exaggerated, and the actual diagnostic accuracy for cancer 
detection may not be as satisfactory as expected in clinical practice. Nevertheless, ADC 
values of prostate cancer seem to show lower values than central gland tissue. One of the 
advantages of MRI technique is the possibility to combine conventional T2-weighted 
sequence with functional techniques such as DWI, spectroscopy, or dynamic contrast 
enhancement sequence. The increase of diagnostic power for prostate cancer using 
combined functional MRI has been demonstrated. 


Axial T2-weighted image reveals a low signal intensity nodular lesion in the central anterior 
left gland (Fig. 4.28, open arrow). Combined spectroscopy curves show higher level of 
choline related to citrate corresponding to prostate cancer profile (Fig. 4.29, open arrow). 
Axial DWI at b = 1,000 s/mm? shows slightly higher signal intensity on the left side of the 
central gland which is not significant (Fig. 4.30, open arrow). The same image on ADC color 
parametric map shows the significantly low ADC value demonstrated as blue color 
(Fig. 4.31). It is necessary to perform the ADC map to display accurate data from the DWI 
sequence and minimize the T2 shine-through effect. 
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A 58-year-old male presents with a PSA level of 3.90 ng/mL and a free-to-total PSA ratio of 
7%. Before a biopsy is performed the urologist requests an MRI study to rule out prostate 
cancer. Due to the MRI findings a targeted biopsy was performed with the final result of 
bilateral peripheral prostate cancer, Gleason 6 (3 + 3) on the right side and Gleason 7 (4+ 3) 
on the left side. 


Tumor detection on standard T2-weighted MRI in the evaluation of prostate cancer is 
recognized as a focus of low signal intensity relative to the surrounding signal intensity of 
the peripheral zone. But the accuracy of T2-weighted MRI in the detection of prostate 
cancer is approximately 65-77% using a high-resolution endorectal technique as other 
benign conditions such as prostatitis or hyperplasia can show similar features. 

Advanced functional imaging techniques, such as DWI, spectroscopy (MRSI), and 
dynamic contrast enhance technique (DCE) significantly increase the sensitivity of MRI in 
the detection and staging of prostate cancer. MRSI, DW-MRI, and DCE-MRI all deliver 
additional information to morphologic changes depicted on T2-weighted MR images. It is 
important to carefully tailor MRI examination protocols to individual patient clinical 
history; if applied to appropriately selected patients, each of the three techniques will help 
to better characterize, stage, and grade potential malignancy of the prostate. Although 
experience with DWI is still relatively limited, interest is growing in this technique as an 
adjunct to T2-weighted imaging. DWI might have potential for grading of prostate 
carcinoma. The histopathologic Gleason score remains one of the most important 
prognostic factors for progression-free and disease-specific survival in prostate cancer. 
Previous reports have found that higher Gleason grades were associated with lower tumor- 
muscle signal intensity ratios on T2-weighted imaging. Hypothetically, DWI has far more 
potential than any other MR imaging sequence in grading of prostate carcinoma, because 
increased cellular density and loss of tubular structures implicate a higher Gleason score 
and also seriously hamper self-diffusion in the involved tissue leading to lower ADC levels 
on DWI. 


Axial T2-weighted image (Fig. 4.32) shows bilateral low signal intensity in the peripheral 
gland, with higher size on the left side. MR spectroscopy curves reveal no significantly high 
level of choline on neither side, although slightly higher on the left side (open arrow) 
(Fig. 4.32). DWI on the parametric ADC color map (Fig. 4.33, open arrow) shows a 
significantly low value from the left side demonstrated as a blue color. The lesion from the 
right side does not show restricted diffusion on the ADC map (Fig. 4.33). The dynamic 
contrast-enhanced sequence reveals a significant wash-in with a wash-out on the left side 
(open arrow) and a moderate wash-in with a plateau curve on the right side (arrow) 
(Fig. 4.34) 
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A 68-year-old male presented with clinical history of radical prostatectomy 1 year ago for 
prostate cancer (pT2c, Gleason 6, PSA 6.45 ng/mL). Currently, the patient presents fast 
rising serum PSA level increasing from 2.36 to 2.60 ng/mL during the last 3 months. 


After definitive radical prostatectomy (RP), serum PSA should fall to undetectable levels 
(less than 0.1 ng/mL). A rise in serum PSA is usually the first indication of cancer 
recurrence. The incidence of biochemical failure (BF) following radical prostatectomy 
reported ranges from 15% to 53% and it often precedes detectable recurrence by years. 
The definition of BF varies in the literature from 0.2 to 0.5 ng/mL, but a PSA level of 0.2 ng/ 
mL is considered indicative of BF. A PSA level of 0.4 ng/mL or greater is associated most 
strongly to PSA progression or disease progression. Clinically, we can consider four main 
categories of recurrence: PSA-only relapse, local recurrence in the prostatectomy bed, 
metastatic disease, and combined local and distance recurrence. Different nomograms 
based on the combination of pathologic stage and tumor grade at diagnosis, PSA doubling 
time, time interval between surgery and PSA relapse, and others help to distinguish among 
these four situations in order to decide patient’s treatment. 

Local recurrence after RP is frequently not detectable by rectal examination. Accurate 
information on local patterns of failure has been frequently used to improve target volume 
definition for adjuvant radiotherapy. Magnetic resonance imaging (MRI) may be a basic 
tool in the evaluation of the postsurgical pelvis to define the site of local recurrence in the 
tumor bed region after surgery. 

It must be addressed that it is not infrequent to observe small amounts of residual 
benign prostatic tissue responsible for persistent mild elevation of PSA levels. Tumoral 
relapse is more frequently demonstrated in the perianastomotic area (from the bladder 
neck to the penile bulb). At MRI, normal postsurgical perianastomotic fibrosis appears 
hypointense on T1-weighted and T2-weighted images and with small or no enhancement 
on dynamic contrast-enhanced (DCE) images. Incomplete resection of the seminal vesi- 
cles (SVs) after RP is not an infrequent finding and patients may fail within these retained 
remnants. The retained SVs are easily diagnosed when they keep their characteristic mor- 
phology and high signal intensity on T2-weighted images. They can also appear as dis- 
torted low signal intensity nodules or linear structures suggesting residual fibrotic SV tips. 
Recurrences present as lobulated masses with intermediate signal intensity on T2-weighted 
images and they enhance early on DCE-MRI and restricted diffusion. MRI can detect and 
localize local recurrences early in patients with low PSA levels and it might be used in the 
future to define and reduce the radiotherapy clinical target volume to the suspicious area. 

The role of MR spectroscopy (MRSI) in patients with BF after prostatectomy remains 
controversial. MRSI is a demanding technique. It is limited by its poor spatial resolution 
and it shows high sensitivity to field inhomogeneities induced by surgical clips. Beside this, 
diagnostic criteria using MRSI are still unclear, since normal citrate is in theory undetect- 
able after RP and thus the classic choline-to-citrate ratio might not be accurate. 

The best treatment for local recurrence is salvage external beam radiotherapy. Its outcome 
is more favorable in patients at PSA levels <1-1.5 ng/mL. New therapeutic procedures such 
as high-intensity focused ultrasound or cryotherapy are actually under evaluation. 
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Axial T2-weighted FSE (Fig. 4.35), DCE (Fig. 4.36), and DW (b-value = 800) (Fig. 4.37) MR 
images and ADC map (Fig. 4.38) demonstrate retained seminal vesicles. Tumoral invasion 
can be clearly depicted on the right side with low signal on T2-weighted imaging, early 
enhancement on DCE-MRI, high signal on DWI, and low ADC values. 

Axial (Fig. 4.39) and coronal T2-weighted FSE images (Fig. 4.40) in a different case of 
recurrence postprostatectomy shows a tumoral mass with intermediate signal situated 
posterolateral to the perianastomotic area and invading the bladder. DW (b-value = 1,000) 
(Fig. 4.41) and ADC map (Fig. 4.42) images show high signal intensity, restricted diffusion 
on the high b-value imaging, and a low ADC value (open arrows). 
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Comments 


A 60-year-old male with clinical history of prostate cancer (pT2NO. Gleason 3+3 and 
PSA 5.5 ng/mL) was treated with brachytherapy 4 years ago. Two years later, PSA value 
was 0.6 ng/mL. Actually, the patient presents high serum PSA level: 4 ng/mL. 


In recent years, there have been significant improvements in the management of localized 
prostate cancer but the optimal treatment remains undefined. Brachytherapy (BT) is an 
effective option for prostate cancer treatment in selected patients. The indications for 
prostate BT are very similar to those for any form of radical treatment for prostate cancer; 
itis a treatment for organ-confined, early stage disease. Prostate BT delivers a high dose of 
radiation to a very small target volume and hence there is very little unnecessary irradiation 
of adjacent bowel and bladder. After BT, serum PSA levels decrease slowly with a nadir 
observed at 2-4 years, but a temporary increase of PSA level followed by a further decrease 


Fig.4.43 Fig. 4.44 
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can occur. This temporary increase is named PSA bounce. Follow-up after BT is performed 
clinically, and imaging has a limited role for direct patient management. Unfortunately, there 
is no consensus definition of BF following BT. ASTRO criteria and Phoenix definition has 
been used. Based upon sensitivity and specificity profiles as well as regression analysis, a 
serum PSA level of the nadir + two appears to be the best value for defining a BE 

Imaging usually has a limited role for detecting local recurrence after BT. In practice, 
exclusion of metastatic relapse with CT scanning and bone scanning will be used as indi- 
rect evidence of local failure in patients with BF. Local recurrence after BT is difficult to 
detect. MRI of the post-treatment gland can be difficult to evaluate. Areas of low signal may 
represent recurrent/residual disease, or merely be part of the spectrum of therapy change. 
Additionally, brachytherapy seeds result in metallic susceptibility artifacts, which obscure 
fine detail and can impair interpretation of certain MRI sequences, such as diffusion imag- 
ing or MR spectroscopy (MRSI), within the prostate. At MRI, “normal” post-BT prostate 
shows diffuse low signal intensity on T1-weighted and T2-weighted images and with little 
or no enhancement on dynamic contrast-enhanced (DCE) images. MRSI shows a meta- 
bolic atrophy. Recurrences may be depicted on DCE-MRI due to their early enhancement, 
but interpreting post-BT DCE images is difficult, because the decrease of prostate vascular- 
ization is not homogeneous. Beside this, there is a short experience using MRSI in patients 
with BF after BT and its role is not clear. Increased metabolic activity within the implanted 
prostate may indicate local recurrence but this is still an area of research. 

DWI has its limitations. False-positive results can occur in the setting of hemorrhage, 
infection,or artifact from implanted metal. But, DWI may be a powerful adjunct to the detec- 
tion of residual or recurrent prostate carcinoma. Highly cellular tumor tissue will demon- 
strate significantly restricted diffusion, compared with nonspecific hypointense areas on 
T2-weighted imaging and it will exhibit high signal intensity restricted diffusion on the high 
b-value imaging and a low ADC value. Occasionally, discordant results between techniques 
are found; for example, DCE-MRI might not depict suspicious areas but DWI could be indic- 
ative for active tumor. This may occur because of intrinsic tumor biology (with high cellu- 
larity but low perfusion) and it illustrates the importance of using a multiparametric MRI 
approach to assess the pelvis when a recurrent prostate cancer is suspected. 

Salvage treatment options are limited in recurrence. New therapeutic procedures such 
as high-intensity focused ultrasound (HIFU) or cryotherapy are currently under evaluation. 
MRI may detect and localize local recurrences early and it might be used in the future to 
define HIFU or high-dose-rate BT target areas. 


Axial T2-weighted fast spin echo (FSE) image (Fig. 4.43) shows a diffuse low signal intensity 
secondary to brachytherapy. Some brachytherapy seeds can be depicted. The recurrent 
cancer is not visible on this sequence. 

Parametric map from DCE-MRI (Fig. 4.44) shows increased wash-in rate in the right 
peripheral gland (green area) corresponding to the recurrent cancer. Qualitative analysis of 
this area (Fig. 4.45) demonstrates a type III curve that shows a wash-in/wash-out pattern. 

Combined image of T2-weighted-FSE image and parametric map of ADC values 
(Fig. 4.46) clearly depicts an area with low ADC value (green) at the same level of anoma- 
lous dynamic pattern on DCE-MRI (open arrow). 
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A 25-year-old patient presented with congenital adrenal hyperplasia and enlargement of 
the testicles. 


Adrenal rests is a rare cause of testicular masses, which can be seen in about 29% of patients 
with congenital adrenal hyperplasia (CAH) and rarely in those with Cushing syndrome. 
CAH is an autosomal recessive disease characterized by a deficiency of adrenocortical 
enzymes, particularly 21-hydroxylase. An increase in adrenocorticotropic hormone 
(ACTH) levels causes hyperplasia of adrenal remnants in the testes in patients with CAH 
and results in the development of intratesticular masses. They are discovered clinically or 
on systematic sonography, generally in the young adult. 

The sonographic appearance is variable. In the literature, some authors describe the 
adrenal rests as predominantly hypoechoic masses and others as heterogeneously hyper- 
echoic masses with posterior acoustic shadowing depending on the degree of fibrosis. 
Intratesticular masses are typically bilateral, located in the region of the mediastinum testis 
in 86% of cases and show no distortion of the testicular contour. 

At MR Imaging adrenal rests have been reported to have low signal intensity on both 
Tl- and T2-weighted images with a diffuse enhancement pattern after gadolinium 
administration. 

The most important factor is to recognize these lesions as benign to avoid unnecessary 
orchiectomy. Bilateral, synchronous testicular tumors are extremely rare (about 1%) and 
are the main differential consideration in bilateral testicular masses. These masses typically 
regress or stabilize with glucocorticoid replacement therapy. Once a testicular mass is 
diagnosed with congenital adrenal hyperplasia, it must be followed up. If the size of 
testicular lesion remains stable or decreases during hormonal therapy, further evaluation 
such as biopsy or testicular venous sampling is unnecessary. 


Axial Tl-weighted MR image (Fig. 5.1) of the testes shows no discernible abnormality. 
These masses are isointense compared with surrounding normal testicular tissue. Axial 
and coronal fat-suppressed T2-weighted images (Figs. 5.2 and 5.3) show multiple lobulated 
intratesticular masses in both testes that are hypointense compared with normal testicular 
parenchyma. After gadolinium administration (Fig. 5.4) these masses present a diffuse 
enhancement. 
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A 68-year-old male underwent US examination for increased size and vague symptoms in 
the right testis. There was no previous history of fever or trauma. On physical examination, 
the right testis was increased in size but no clear palpable mass or inflammatory signs were 
described. Analytical results were normal. 


Simple cysts are detected incidentally and occur in men of 40 years of age and older. Their 
size is variable and can range from 2 mm to several centimeters, as this case. The cysts are 
usually solitary and occur anywhere in the testis but are often near the mediastinum testis 
and are associated with extratesticular spermatoceles. Simple testicular cysts are usually 
not palpable and, even when large, are not firm. At US, simple cysts have an imperceptible 
wall, an anechoic center, and through transmission. Intratesticular cysts, once thought to 
be a rarity, are now being reported with an increasing prevalence as a result of the wider 
use of scrotal ultrasound scanning. It has been suggested that testicular cysts arise from 
remnants of Mullerian or Wolffian ducts, since such cysts have been reported in children. 
Other possible etiologies include trauma and inflammation, which can cause occlusion of 
the spermatic ducts with subsequent ectasia and cystic alterations in the rete testis; however, 
the exact etiology of the cysts remains unclear. 

The management of intratesticular cysts remains unclear. Treatment has included 
enucleation and even radical orchiectomy over fear of the possibility of an associated 
malignancy. A more conservative approach with serial ultrasound scanning has been 
advocated if a clear distinction can be made between neoplastic and non-neoplastic 
testicular cysts. However, in view of the benign nature of such cysts, even repeated 
ultrasound scanning may not be necessary and may be considered overtreatment. 


Longitudinal US examination (Fig. 5.5) shows a 6.5 x 5 cm simple cyst in a middle location 
of the otherwise normal right testis. The cyst was well circumscribed, anechoic with smooth 
wall and posterior acoustic enhancement. Color Doppler US examination demonstrated 
normal vascularization in the testicular parenchyma. No flow was observed into or in the 
cyst wall (Fig. 5.6). T2-weighted MR imaging (Fig. 5.7) shows a giant cyst into the right 
testicular parenchyma leading to an increase in the size of the testis. The cyst has the 
characteristic high signal intensity. On surgery, the intratesticular cyst is surrounded by 
the normal testicular parenchyma with a clear fluid content (epithelial cyst). Total cyst was 
removed preserving the rest of testis (Fig. 5.8). 
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A 20-year-old patient attended the emergency department for scrotal pain 2 days after a 
motorcycle trauma. 


Scrotal trauma (ST) accounts for less than 1% of all trauma-related injuries, because of the 
anatomic location and mobility of the scrotum. Blunt injury is the most common 
mechanism, followed by penetrating injury from gunshot or other assault, and iatrogenic. 
The main mechanism of injury in blunt trauma is crushing of the testis against the 
symphysis pubis or between the thighs. Its peak of incidence is in the age range of 
10-30 years. 

US is the modality of choice for the initial evaluation of patients with acute scrotal pain 
after trauma and US findings are crucial in clinical decision making. US findings may vary 
from a small hematocele requiring conservative management to a testicular rupture 
demanding surgical intervention. 

The testes are evaluated in longitudinal and transverse planes. The size and echogenicity 
of each testis and epididymis should be compared with the contralateral side. 

Characteristic findings of testicular rupture on US are: disruption of tunica albuginea, 
contour abnormality of the testis, heterogeneous echoestructure of the testicular paren- 
chyma, and absence or decreased vascularity. 

Usually, the tunica albuginea is not normally visible at US unless there is fluid surrounding 
the testis. In such cases, the tunica can be seen as an echogenic line surrounding the testis. 
Discontinuity of the echogenic tunica albuginea is indicative of testicular rupture and 
requires emergent surgery. Management of testicular trauma depends on testicular 
integrity and perfusion. Early intervention is very important in testicular rupture in order 
to improve testicular salvage rates. The surgical approach varies with the type of trauma. 


Longitudinal (Fig. 5.9) and axial (Fig. 5.10) US of the left testis shows a heterogeneous 
echotexture with internal cystic areas that represent hematomas and an abnormal contour 
of the parenchyma with extrusion of the testicular contents through the tunica albuginea. 
Coronal fat-suppressed GE T1 (Fig. 5.11) shows multiple hyperintensity due to 
methemoglobin on left testis that continues to inguinal canal. Coronal T2-weighted MR 
image demonstrates (Fig. 5.12) a normal signal on the right testis and a hyperintense 
(contrary to tumors) heterogeneous mass that arises from the left testicle involving the 
spermatic cord, and extends into the superficial inguinal ring (arrow). 
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A 32-year-old boy presented to our hospital with acute onset of severe left scrotal pain for 
24 h. He was previously healthy without any personal or familial history, and had no prior 
trauma to the scrotum. He underwent urological evaluation, and his physical examination 
demonstrated minimal tenderness in the left testis. There was no palpable intratesticular 
mass. Analytical results were normal and included serum tumor markers. 


Segmental testicular infarction is an infrequent testicular disorder usually diagnosed after 
orchiectomy. Several etiologies have been pointed, such as acute epididymitis, hematologic 
disorders such as sickle cell disease or polycythemia, and vaculitis. This disorder affects 
patients between the second and the fourth decades, although it occasionally has been 
reported in neonates. 

US with color Doppler is the first imaging method of choice for diagnosis. Usually, US 
shows a triangular area without flow, being normal the rest of testicular parenchyma. 
However, in some patients this entity cannot be easily distinguished from a necrotic tumor, 
particularly when the segmental infarction has a round morphology. The diagnosis may be 
aided by MRI, as one of the most relevant findings is the presence of an enhanced rim 
surrounding the infarction. Other common findings are the characteristic wedge shape 
and the association with hemorrhagic foci. Fernández-Pérez et al. have described a slight 
retraction of the tunica albuginea in the area containing the lesion, during the evolution of 
segmental testicular infarction, indicating a loss of volume due to hyalinization and fibrosis 
occurring in the infarcted tissue. In addition to the radiologic findings, negative testicular 
tumor markers provide further reassurance. In a small percentage of cases, diagnosis may 
still be doubtful and a definite exclusion of testicular tumor may be difficult. In these 
situations, exploratory surgery with possible total or partial orchiectomy can be required. 


Scrotal ultrasound on transverse plane (Fig. 5.13) shows a well-circumscribed margin 
lesion (arrow), hypoechogenic and with wedge shape in the left testicle. Color Doppler US 
demonstrates as this lesion is hypovascular (Fig. 5.14). A coronal T2-weighted image on 
MRI (Fig. 5.15) shows a low signal intensity lesion in the left testis with triangular 
morphology. The rest of the testicular parenchyma is preserved. There is no hydrocele or 
other inflammatory findings in the testicular scrotum. Coronal T1-weighted (Fig. 5.16, 
arrow) MRI image after contrast administration allows the diagnosis of this lesion as 
hypovascular due to absence of enhancement within the lesion and also through the 
extension of the affected testicular parenchyma. 
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A 17-year-old male was attended in the emergency 
room for acute testicular pain. The symptoms begun 
10 h before and the patient did not mention previous 
trauma or fever. Physical examination showed a slightly 
ascended testicle compared to contralateral. Analytical 
results were irrelevant. 
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Testicular torsion is due to a rotation of the testis on the longitudinal axis of the spermatic 
cord. Taking into account the site of torsion spermatic cord, torsion can be classified into 
three groups: supravaginal, intravaginal, mesorchial torsion. The most frequent is the 
intravaginal torsion where the twist is located into the tunica vaginalis. Intravaginal 
torsion, caused by this congenital malformation of the processus vaginalis, accounts for 
90% of cases. In this malformation, the tunica vaginalis covers not only the testicle and the 
epididymis but also the spermatic cord. This creates a “bell-clapper deformity” that allows 
the testis to rotate freely within the tunica vaginalis. Torsion is most frequent among 
adolescents with about 65% of cases presenting between 12 and 18 years of age. It occurs 
in about 1 in 160 males or 1 in 4,000 males per year before 25 years of age. 

Torsion usually occurs in the absence of any precipitating event; only 4-8% of cases are a 
result of trauma. Other factors predisposing patients to testicular torsion include an increase 
in testicular volume (often associated with puberty), testicular tumor, testicles with horizon- 
tal lie, a history of cryptorchidism, and a spermatic cord with a long intrascrotal portion. 

Torsion initially obstructs venous return. Subsequent equalization of venous and arterial 
pressures compromises arterial flow, resulting in testicular ischemia. The degree of ischemia 
depends on the duration of torsion and the degree of rotation of the spermatic cord. Ischemia 
can occur as soon as 4 h after torsion and is almost certain after 24 h. In one study, investiga- 
tors quoted a testicular salvage rate of 90% if detorsion occurred less than 6 h from the onset 
of symptoms; this rate fell to 50% after 12 h and to less than 10% after 24 h. Rotation can 
range from 180° to more than 720°. Greater degrees of rotation lead to a more rapid onset of 
ischemia, but the degree of rotation rarely can be determined without surgical intervention. 

Testicular torsion is characterized by excruciating one-sided testicular pain, with sudden 
swelling. Since the cord structures twist (like the strings of a puppet), the testicle elevates as 
well. Patients may have nausea and vomiting. Patients may also have abdominal pain. There 
may be a history of previous testicular pain. Fever may also accompany the testicular pain. 


Scrotal ultrasound on longitudinal view (Fig. 5.17) shows the “torsion knot” with typical 
whirlpool pattern (open arrow) which is highly specific findings of torsion of the spermatic 
cord. This pattern is detected as a lobulated mass in the supratesticular space with 
concentric layers because of coiling of the cord vessels. 

Coronal T2-weighted images (Fig. 5.18) show the findings 10 h after initiation of symp- 
toms. The testis has a heterogeneous sign with a striated pattern due to an edema and 
hemorrhagic changes in the testicular parenchyma (open arrow). Torsion Knot is seen 
between epididymis and testis (arrow). The epididymis is enlarged with low signal (arrow- 
head). Also the tunica vaginalis is thickened. 

Sagittal T2-weighted image with fat saturation (Fig. 5.19) shows the late stage of this 
spermatic cord torsion where the testis has a low signal because of necrosis, fibrosis, and 
hemosiderin deposition following hemorrhagic infarction. The epididymis is markedly 
thickened with hemorrhage. Note the “torsion knot” (open arrow) representing the point 
of twist. Associated hematocele is also seen. 

Axial T1-weighted MR image after contrast administration (Fig. 5.20) shows the absence 
of contrast enhancement in the torsed testis. A rim enhancement in the tunica vaginalis 
can be observed. 
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A 10-year-old boy was attended for acute onset of pain in the right testis. There was no 
history of fever, dysuria, or trauma. On physical examination, point tenderness was found 
superior to the right testicle with a bluish skin discoloration. 


Torsion of the appendix testis is a twisting of a vestigial appendage that is located along 
the testicle. A testicular appendage is a vestigial remnant of the miillerian duct. At 
approximately 8 weeks of fetal development, the miillerian ducts remain in a craniocaudal 
direction and becomes the appendix testis, also known as the hydatid of Morgagni. 

The testicular appendage is a polypoid structure, which measures 1-3 mm in length and is 
located on the anterior-superior aspect of each testicle at or near the groove formed by the 
head of epididymis and the testis. It is unknown which is the etiology for torsion of the appen- 
dix testis. Several causes have been proposed, including enlargement of the appendix testis at 
puberty, increased vascularity of the appendix testis, violent cremasteric reflexes, and trauma. 

During an acute episode of torsion of the appendix testis, it can increase its size to over 
1 cm because of edema, vascular congestion, hemorrhage, and infarction. Following tor- 
sion, the appendix testis may: detorse and return to its normal structure, undergo varying 
degrees of atrophy, fibrosis, inflammation, and calcification with or without undergoing 
detachment. Whenever the testis is detached it might become transformed into a calcified 
intrascrotal body; however, little evidence supports the suggestion that scrotal calculi can 
form because of calcification of the necrotic appendix. 

Torsion of the testicular appendage was first described in 1922 by Colt et al. It is more 
common in the adolescence, although it has been described from 1 to 18 years, with the 
highest frequency occurring in boys between the ages of 10 and 13 years. 

The patient’s history is important in distinguishing torsion of the testicular appendages 
from testicular torsion and other causes of acute scrotum. Pain is usually acute, but pain 
may develop over time. Typically, it has a more gradual onset than testicular torsion and is 
located in the superior pole of the testicle. This is a key distinguishing factor from testicu- 
lar torsion. A focal point of pain on the testicle is uncommon in complete testicular torsion. 
Systemic and urinary symptoms are absent. The presence of a nodule at the superior aspect 
of the testicle, with characteristic blue-dot appearance, is pathognomonic for this condi- 
tion, but a blue-dot sign is present in only 21% of cases. 

The treatment of choice is conservative. Pain usually resolves within 1 week and 
nonsteroidal anti-inflammatory drugs are administrated to reduce the pain and inflammation. 
In exceptional cases, uncontrolled pain can be relieved by surgical excision of the appendix. 


Longitudinal US examination (Fig. 5.21) shows marked variation in appearance and size of normal 
testicular appendages which is variably hypoechoic centrally with a thick or thin echogenic 
periphery. The degree of echogenicity did not correlate with any temporal delay between 
symptoms and diagnosis. Transverse US (Fig. 5.22) shows partially enlarged appendages between 
the epididymis head and testicular parenchyma (open arrow). Axial T2-weighted (Fig. 5.23) 
MR image shows a small nodule between the left epididymis head and testis with low signal 
intensity (open arrow). Coronal T1-weighted MRI after contrast administration shows higher 
enhancement in the periphery of the appendages than in the center (Fig. 5.24, open arrow). 
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A 46-year-old man had a low sperm count. In the course of the infertility evaluation an 
ultrasound was performed that showed bilateral tubular ectasia of the rete testis. 


Benign intratesticular lesions are rare, but recognition is important to avoid unnecessary 
surgical intervention. Sonography is frequently the initial imaging technique for the 
evaluation of many scrotal diseases. In the normal testis, the seminiferous tubules merge 
at the apex of each lobule and connect with the tubuli recti. The tubuli recti then enter the 
mediastinum testis, forming irregular anastomosing spaces known as the rete testis. 
Several efferent ductules arise from the rete testis to form the head of epididymis. 

Cystic transformation of the rete testis, also known as tubular ectasia, results from par- 
tial or complete obstruction in the epididymis or efferent ductules, which cause ectasia in 
the more proximal ductal system and, eventually, cystic transformation. Usually, the pro- 
cess occurs in men older than 55 years, and its involvement is frequently bilateral and 
asymmetric. 

The keys to the diagnosis of this condition are; their location, always adjacent to the 
mediastinum testis and, their sonographic appearance as multiple anechoic spaces with no 
evidence of flow at Doppler US, without a focal solid component and the presence of 
epididymal cysts (spermatoceles). Spermatoceles have a high association with tubular 
ectasia of rete testis and can sometimes be large at up to 15 cm. 

At MR imaging the dilated rete testis will be hypointense on T1-weighted images and 
isointense or hyperintense on T2-weighted images. This MR imaging appearance is in 
marked contrast to that of testicular tumors, which are low signal intensity on T2-weighted 
images. 

It is important to differentiate this benign entity from malignant tumors of the testis 
and thus avoid unnecessary orchiectomy. Cystic malignant tumors, most commonly 
teratomas, can be distinguished sonographically by the presence of multiple cystic areas, 
often surrounded by a soft tissue rind. They are almost always unilateral and are not 
limited to the mediastinum. They can be further confirmed by measuring serum tumor 
markers. 


Longitudinal ultrasound scan of the left testis (Fig. 5.25) shows multiple avascular circular 
structures in the posterolateral region near the mediastinum testis, with no evidence flow 
at Doppler ultrasound (Fig. 5.26). Coronal T2-weighted MR image (Fig. 5.27) shows a cystic 
transformation of the right rete testis and a large epididymal cyst (spermatocele) in the 
left testis. Sagittal T2-weighted MR image of the left testis (Fig. 5.28) reveals the lesion as a 
high signal intensity with associated ipsilateral spermatocele. 
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A 62-year-old man presented with a 2-year history of an irregular, non-tender, 
asymptomatic mass located in the left hemiscrotum. US and MR images confirmed a 
paratesticular mass. 


Fibrous pseudotumor of the testis is not a neoplasm but rather a benign fibroinflammatory 
reaction that results in the formation of one or more nodules, diffuse thickening, or a 
plaque-like process of the testicular capsule. A fibrous tumor is a painless tumor of 
the tunica that clinically mimics testicular and paratesticular neoplasms. Almost 75% of 
these pseudotumors arise from the tunica vaginalis, and the remainder arises from the 
epididymis, spermatic cord, or tunica albuginea. 

Although fibrous pseudotumors are rare, they are the second most common mass 
involving paratesticular tissue behind adenomatoid tumors. Peak incidence is in the third 
decade, but these lesions have been observed over a wide age range (7-95 years). Many 
patients present after detecting a small circumscribed firm mass in the scrotum. Patients 
commonly relate a history of hydrocele, trauma, or infection. Hydrocele represents the 
most frequently associated finding with the lesion and has been found in nearly 50% of 
cases of fibrous pseudotumor. Physical examination often reveals single or multiple smooth 
circumscribed nodules, rare thickening of the scrotal surface, and occasional satellite 
lesions within the adnexa. 

The sonographic appearance is nonspecific and calcification is common, possibly sec- 
ondary to the inflammatory process. At MR Imaging, owing to the presence of fibrosis, the 
lesion has low signal intensity on both Tl-and T2-weighted images with variable 
enhancement. 

The lesions present macroscopically as multiple nodules of varying sizes ranging from 
0.5 to 8 cm, associated with fibrosis of the testicular tunics. At histologic analysis, the 
masses are typically composed of hyalinized collagen and granulation tissue, and they may 
be extensively calcified. 

The diagnosis of these lesions is difficult, but recognition of the benign nature of this 
entity should allow for a more conservative scrotal evaluation rather than orchiectomy. 


T2-weighted MR image shows a single round, paratesticular mass markedly hypointense 
on axial (Fig. 5.29) and sagittal plane (Fig. 5.30) with a pedunculated attachment to the 
tunica vaginalis (open arrow). Minimal hydrocele is present. Unenhanced axial T1-weighted 
fat-suppressed image (Fig. 5.31) and dynamic-enhanced following the administration of 
gadolinium chelate contrast agent (Fig. 5.32) demonstrate no appreciable enhancement of 
the mass (arrows). 
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A 27-year-old man presented with a right testicular mass and pain. The patient underwent 
sonography and MRI of the scrotum, which confirmed the mass. 


Testicular cancer is the most common neoplasm in boys and young adults, and represents 
1% of all malignancies in men. One of the primary indications for scrotal Imaging is to 
evaluate for the presence of intratesticular tumor in the setting of scrotal enlargement or a 
probable abnormality at physical examination. The presence of a solitary intratesticular 
solid mass is highly suspicious for malignancy. Germ cell tumors constitute 95% of all 
testicular tumors and seminoma is the most common histological subtype which accounts 
for 35-50%. Compared to the nonseminomatous tumors, seminoma occurs in a somewhat 
older population, with a mean age of approximately 40 years. An estimated 5-25% of men 
with testicular seminomas have elevated levels of B-hCG, which is produced by 
syncytiotrophoblastic giant cells. However, the elevated level of D-hCG is not typically high 
enough to cause clinical symptoms, such as gynecomastia. 

At the time of the diagnosis, approximately 75% of patients present with disease limited 
to the testis, 20% have retroperitoneal adenopathy, and 5% have extranodal metastases. 
However, the prognosis is favorable, resulting in a 5-year survival rate of 95%, due to their 
sensitivity to radiation and chemotherapy. 

Imaging findings of seminomas reflect the uniform cellular configuration of these 
tumors. US typically demonstrate a rounded, well-circumscribed, hypoechoic, and 
homogeneous mass that does not contain significant cystic or calcific foci. Seminomas 
range in size from a small well-defined lesion to large masses that totally replace the testicle. 
They may be lobulated or multinodular; however, these nodules are most commonly in 
continuity with one another. Bilateral tumors are also rare, occurring in 2% of patients, and 
are almost always asynchronous. At MR imaging, seminomas are usually homogeneously 
hypointense and relatively isointense to the normal testicular parenchyma on T1-weighted 
images and hypointense on T2-weighted images. Band-like structures of low signal intensity 
on T2-weighted images may be detected within these tumors, corresponding to the 
fibrovascular septa. After gadolinium administration there is a heterogeneous enhancement 
of the mass. However, fibrovascular septa often show a greater enhancement than the 
tumoral tissue. The tumor is less aggressive than other testicular neoplasms and is therefore 
usually confined to the tunica albuginea. 


Longitudinal ultrasound of the right testis shows a rounded hypoechoic mass (Fig. 5.33). 
On color Doppler imaging, the mass shows increased vascularity and feeding vessels 
(Fig. 5.34). Small right hydrocele is also seen. Coronal T2-weighted image shows 
multinodular intratesticular mass lesions (Fig. 5.35). This tumor is homogeneous and 
hypointense on T2 compared with normal testicular parenchyma. Multiple septa (arrows) 
are detected within the lesion, both on T2-weighted and contrast-enhanced T1-weighted 
images (Fig. 5.36). These are typical findings for seminoma. 
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A 21-year-old man with gynecomastia was referred for US examination. He had never had 
pain or swelling on the scrotum and physical exploration was irrelevant. Laboratory results 
including tumoral markers were normal. 


Leydig cell tumors (LCTs) are rare testicular tumors of the male gonadal interstitium. They 
are frequently hormonally active, leading to feminizing or virilizing syndromes. They are 
the most common sex cord-stromal tumors and comprise 1-3% of all testicular neoplasms. 
These tumors are most common in prepubertal boys aged 5-10 years and in adults aged 
30-60 years. LCTs are usually benign, but malignant variants also occur. 

Adults usually complain of testicular swelling, but in many cases gynecomastia causes 
the patient to seek medical attention. In several adult patients with gynecomastia an impal- 
pable tumor is detected by US. Other symptoms are decrease in libido or potency. In chil- 
dren, symptoms of isosexual pseudoprecocity can be noted. In these cases, they have small 
tumors more frequently, thus requiring devoted studies for its detection. Approximately 
10% of patients are asymptomatic and tumors are discovered on physical examination. Rare 
cases have been described associated with cryptorchidism and Klinelfelter’s syndrome. 

The mechanism of Leydig cell oncogenesis is still poorly understood. The disruption of 
the hypothalamic-pituitary testicular axis leading to excessive stimulation of Leydig cells 
by excess luteinizing hormone is thought to play an important role in the pathogenesis. 
However, structural changes of the luteinizing hormone receptors and G proteins in Leydig 
cells have been postulated to induce tumorigenesis. Although these tumors usually secrete 
testosterone, the production of estrogen, progesterone, and corticosteroids have also been 
described. Estrogen excess and feminizing syndromes may occur from the peripheral aro- 
matization of testosterone or from the direct production of estradiol by the tumor itself. 

It should be emphasized that when patients present with either feminizing or virilizing 
symptoms, clinicians should consider LCT in the differential diagnosis and examination of 
the testis is warranted. Clinicians should be aware that a LCT cannot be excluded if a mass 
is not palpable, as the tumor can be clinically occult. In these setting, a testicular 
ultrasonography should be performed. Laboratory studies in LCTs are nonspecific and US 
examination must be performed to exclude the possibility of LCTS. LCTs were once 
managed primarily with radical orchiectomy. However, the experience with conservative 
approaches has been growing, and enucleation has been used increasingly in both the adult 
and pediatric populations. 


Longitudinal US with color Doppler examination (Fig. 5.37) shows a small intratesticular 
solid lesion in the upper pole of the right testis. Vascularization of the lesion is increased 
compared to the adjacent testicular parenchyma. Sagittal T2-weighted MR image (Fig. 5.38) 
shows a well-defined low signal intensity lesion. High signal intensity foci secondary to 
central scars and a high signal intensity capsule are also present. On precontrast sagittal 
T1-weighted image (Fig. 5.39); the lesion is not practically visualized (open arrow). Marked 
enhancement on postcontrast sagittal T1-weighted images (Fig. 5.40) is a very reliable sign 
to differentiate these LCTs from other solid testicular tumors. 
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An expectant woman in the 24th gestational week was referred for further evaluation of 
two pulmonary cystic masses detected on routine US examination. 


Congenital cystic adenomatoid malformation (CCAM) is a benign hamartomatous or 
dysplastic tumor characterized by the overgrowth of the terminal bronchioles and the 
decreased number of alveoli. It has an incidence of one in 5,000 live births. It represents 
about 25% of all congenital pulmonary lesions, and represents more than 75% of all the 
pulmonary lesions detected in fetuses. The cause is not known although genetic interaction 
has been suggested. 

It is characterized by a multicystic mass containing primitive pulmonary tissue and 
anomalous bronchial and bronchiolar structures inside the lung, unilateral and lobular 
being more common. Usually, CCAM communicates with the tracheobronchial tree and is 
vascularized by a branch of the pulmonary artery, which reflects its origin as an aberration 
of the pulmonary development. 

A more recent classification describes five subtypes of CCAM: Type 0: it shows acinar 
dysplasia or agenesis without pulmonary tissue. Type 1: There is a large or predominant 
cyst (macrocystic) of 3-10 cm, which compresses the normal parenchyma. Type 2: It is 
characterized by a mixture of solid tissue and small cysts (<2 cm). Type 3: It is a solid 
adenomatoid malformation with minor cystic components, and Type 4: It is formed by a 
large peripheral cyst of distal acinar origin covered by alveolar type cells. It is not readily 
distinguishable either clinically or radiologically from type 1. 

The risk of chromosomal anomalies associated with CCAM might be slightly increasing 
in the general population, although the exact risk is not known. A chromosomal study and 
a detailed examination of the fetal anatomy should be considered after a diagnosis of 
CCAM has been performed 

Differential diagnosis includes: 


O Cystic mass: Diaphragmatic hernia, teratoma, neuroenteric cyst, esophageal duplica- 
tion, Hybrid CCMM or, less probably, pulmonary sequestration. 

€ Solid mass: Pulmonary sequestration; other less frequent possibilities are congenital 
lobar emphysema, bronchial atresia, or bronchogenic cyst. 


CCAM appears as a solid or cystic lesion in the lung. It can be classified as microcystic 
or macrocystic. The macrocystic lesion contains one or multiple cysts with a diameter 
55 cm. and has a very favorable prognosis. 

On ultrasound microcystic lesions appear as a solid echogenic mass, based on innumer- 
able acoustic interphases. It can produce a mass effect, compressing the esophagus and 
leading to reduced fetal swallowing with subsequent polyhydramnios. The large lesions are 
associated with displacement of the mediastinum and flattening of the diaphragm. Color 
Doppler US may be used to evaluate the presence of a pulmonary arterial supply, to dif- 
ferentiate from pulmonary sequestration, which is supplied by a systemic artery. The size 
of the mass, and not the size of the cysts inside the mass, is the most important factor influ- 
encing the prognosis. Displacement of the mediastinum is considered to be serious whether 
the heart is displaced against the contralateral side of the ribcage. 
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On MRI microcystic lesions are homogenous and hyperintense on T2-weighted images 
compared to the lungs. The changes in the thoracic position of the pulmonary lobes, 
mediastinum and cardiac structure must be identified. The volume of the lesion can be 
measured more easily and reliably than using ultrasound. 


Transverse ultrasound view shows the four heart chambers and the presence of a cystic 
lesion in the right lung (Fig. 6.1). Longitudinal US view demonstrates two supradiaphragmic 
cystic lesions in the right lung (Fig. 6.2). 

MRI of the same fetus showing the supradiaphragmic cystic lesion (Fig. 6.3) 

MRI of newborn confirming prenatal findings of cystic adenomatoid malformation 
(Fig. 6.4). US Imaging from pulmonary sequestration showing lobular triangular-shaped 
echogenic mass in the thorax with systemic blood supply (Figs. 6.5 and 6.6). 
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Case 2 
O 


Arthrogryposis 


Fig. 6.11 


An ultrasound at 34 week gestation showed a fetus with 
polyhydramnios, mild micrognathia, agenesis of the 
corpus callosum, microcephaly, flexion contracture of 
upper limbs and extension of lower limbs, rocker 
bottom feet, and cysts in the pelvic region. 


Fig. 6.8 


Fig. 6.10 


Fig. 6.12 
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Arthrogryposis multiplex congenita (cerebro-oculo-facio-skeletal syndrome) is a highly 
heterogeneous process with multiple fixed contractures, which can affect nearly all the 
joints. The major cause of arthrogryposis is fetal akinesia due to fetal abnormalities (e.g., 
neurogenic, muscle, or connective tissue abnormalities) or maternal disorders (e.g., 
infection, drugs, trauma, other maternal illnesses). Generalized fetal akinesia can also lead 
to polyhydramnios, pulmonary hypoplasia, micrognathia, ocular hypertelorism, and short 
umbilical cord. During early embryogenesis, joint development is almost always normal. 
Motion is essential for the normal development of joints; lack of fetal movement causes 
extra connective tissue to develop around the joint. In the majority of cases the disorders 
are usually symmetrical and affect all four extremities, although they may affect only the 
lower or the upper extremities. 

The heterogeneous processes associated with arthrogryposis have given rise to confused 
terminology in the medical literature. Arthrogryposis generally leads also to other defor- 
mities, due to the absence or reduction of movement. 

Symptoms for arthrogryposis vary from child to child but the most common character- 
istics are: Fetal akinesia/hypokinesia with skeletal deformation, thin muscles and the hips 
may be dislocated. 

The processes which can be classified as arthrogryposis are: Pena Shokeir syndrome, 
lethal multiple pterygium syndrome, arthrogryposis multiplex congenita, Neu-Laxova 
syndrome and congenital muscular dystrophies or myopathies, Gaucher’s disease type 2, 
Alpers’ disease, trisomies 18 and 13 or Neurogenic arthrogryposis or cerebro-oculo-facio- 
skeletal syndrome. 

The most important ultrasound findings include the absence of fetal movement during 
the real-time exploration and serious flexion deformities with fixed limbs, arms flexed and 
hyperextension of the knees. The abnormal position of the extremities with restriction of 
movement is the key diagnostic feature, usually visible in the second or third trimester. 
Polyhydramnios, intrauterine growth retardation and pulmonary hypoplasia may develop. 
Low ear implantation, scalp edema, thoracic deformities, camptodactyly and micrognathia 
may be found. Cystic hygrosis and hydrops are relatively frequent findings during the first 
and second trimester associated with arthrogryposis multiplex congenita. 

The prognosis is generally poor, especially for those cases diagnosed prenatally. 

The ocular anomalies detectable by ultrasound on the cerebro-oculo-facio-skeletal 
syndrome are: microcephaly, micrognathia, cataracts, microphthalmia, agenesis of the 
corpus callosum, contracture of all the limbs and rocker bottom feet. 


Fetal MRI showing a rocker bottom foot associated with amyoplasia (Fig. 6.7). 3D US 
Artrogriposis (cerebro-oculo-facio-skeletal syndrome) Extension contracture of both 
knees and flexion contracture of both elbows (Figs. 6.8 and 6.9). 

3D US demonstrating low ear implantation and scalp edema (Fig. 6.10). 

Fetal MRI shows cerebral disorders with microcephaly, atrophy of the cerebellum and 
brainstem and agenesis of the corpus callosum (Figs. 6.11 and 6.12). 


Comments 


Imaging Findings 
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Case 3 


Harelip 


Fig. 6.14 


Fig. 6.16 


Fig. 6.15 


Fig. 6.17 
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A 36-year-old woman, who was 19 weeks pregnant, presented for a prenatal ultrasound. 


Cleft lip (harelip) with or without a cleft palate is the most common facial malformation, 
occurring in approximately 1 in 700-1,000 live births. Approximately 80% of infants with 
cleft lip will also have a cleft palate. Male children are affected more often. In many neonates 
cleft lip and/or palate is an isolated anomaly, but in 29% there may be an underlying 
disorder. More than 200 recognized syndromes may include a facial cleft. The condition 
results during the fourth to sixth week of gestation from a failure of fusion of one or both 
of the medial nasal prominences. 

Several classification systems exist. The Nyberg 1995 antenatal ultrasound classification 
system is one that correlates well with the severity of the defect and outcome: 

Type I: Cleft lip (a linear defect which extends from one side of the lip towards the nostril) 

Type II: Unilateral cleft lip and palate (this can extend from alveolar edge and the hard 

palate, reaching the floor of the nasal cavity or even the floor of the eye socket). 

Type III: Bilateral cleft lip and palate, frequently with premaxillary protrusion. 

Type IV: Midline cleft lip and palate, ample midline separation with hypoplastic hemi- 

face and absence of primary palate. 

Type V: Amniotic bands and slash-type defects. 

Identification of a facial cleft on prenatal imaging should alert the ultrasonographer to 
evaluate for other anomalies. 

The malformation is usually paramedian and might be bilateral or unilateral. In 
the great majority of cases typical facial clefts have a multifactorial etiology. A median 
cleft lip is a much rarer abnormality and can be associated with holoprosencephaly and 
other intracranial anomalies. 

At US, the defect is recognized as a gap in the upper lip seen on coronal views of the nose 
and lips. On sagittal views of the face, one may miss the defect if the view is obtained in the 
midline or if it is focused on the normal side of a fetus with a unilateral cleft lip and palate. 

It is possible to see the magnitude of the process and discover whether the lesion is lim- 
ited to the anterior edge of the palate or extends towards the posterior or secondary to the 
palate. In the axial and coronal projections of typical cases of bilateral cleft lip and palate 
(type III) a protrusion in the central part of the palate and lip (called premaxillary pseudo- 
mass) can be observed. 

Color Doppler during swallowing is a useful tool for evaluating the defect. MRI can also 
be used in selected cases as it is helpful to evaluate the extension of the affected palate. 

The prognosis of facial clefts mainly depends on the presence and type of the associated 
anomaly. Slight clefts, such as linear indentations of the lips or a submucous cleft of the soft 
palate, at times do not require surgery. The greatest defects cause aesthetic, swallowing, 
vocalization and respiratory problems. 


Anterior coronal 2D ultrasound shows the medial lip defect type IV (Fig. 6.13). 

3D US demonstrates the midline cleft lip and palate (type IV) with depressed nose 
(Fig. 6.14). Fetal MRI shows medial cleft compromising the lip and palate in coronal and 
sagittal plane, and clearly appreciating the extension of the defect to the entire secondary 
palate (Figs. 6.15 and 6.16). Color Doppler US in the longitudinal plane at swallowing shows 
the defect of the palate communication with the nasal cavity (Fig. 6.17). 


Comments 


Imaging Findings 
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Fetal Myelomening 


Fig. 6.19 


Fig. 6.20 


Fig. 6.21 
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A fetus of 23 weeks of gestation presented a cerebral disorder in the posterior fossa and a 
cystic mass in the lumbosacral region on the prenatal ultrasound. 


The term spina bifida refers to the incomplete closure of the bony elements (spinal laminae and 
apophyses) of the posterior part of the spine. This disorder is divided into open and closed. 

Open spina bifida (85% of dorsal defects) predominates at birth and is a full-thickness 
skin defect, where the underlying soft tissues and vertebral arches are left exposed. The 
defect may be covered by a fine meningeal membrane, an extension of the dura mater and 
the arachnoid without neural tissue through the posterior spina bifida (meningocele). If 
there is neural tissue inside the sac the lesion is defined as myelomeningocele. 

Closed spina bifida (15%) may be asymptomatic and can be an incidental finding. It is 
characterised by a vertebral schisis covered by skin. The skin is usually pigmented, 
depressed (dimple) or composed of areas of hypertrichosis. It is associated with a normal 
intracranial anatomy and a normal alpha fetoprotein. 

Open spina bifida is always associated with cranial alterations, the most common is type 
II Arnold-Chiari malformation. 

It is characterized by the displacement of the cerebellar tonsils, part of the cerebellum, the 
fourth ventricle, the annular protuberance and the medulla oblongata through the foramen 
magnum towards the spinal canal. In 95% of the cases it is accompanied by myelomeningo- 
cele and hydrocephalus. 

The displacement of the cerebellum deforms the lateral lobes which lose their rounded 
form and the vermis notch, thus appearing more continuous (the banana sign). 

Imaging findings include: 


Lemon-shaped cranium (deformity of the frontal bone) 

Dilation of the cerebral ventricles (70% in the second trimester) 

Obliteration of the cisterna magna 

Distortion of the cerebellum (banana sign) 

Separated lateral processes (fusiform thickening of the spinal canal) with the neural 

canal exposed in the posterior zone. 

@ Open spina bifida: Absence of the posterior line and the soft tissues. Appearance from a 
flat, non protruding defect to a dorsal sac with a cystic or solid lesion 

e Displacement of the posterior elements. 


The main differential diagnosis is cystic sacrococcygeal teratoma in cases where there is 
a cystic dorsal sac (the diagnostic key is the presence of cranial malformations associated 
with spina bifida). 

Associated anomalies for myelomeningocele include alterations of the corpus callosum, 
or foot deformities (clubfeet or rocker bottom feet). 


US examination shows a defect of the spinal canal and the presence of a dorsal sac with 
cystic appearance. The vertex of the lesion extends slightly above the iliac crest (L5-S1) 
(Figs. 6.18 and 6.19). Transversal plane on US at the level of the cerebellum shows the 
banana sign due to compression of the cerebellar hemispheres. Cisterna magna not 
visualized (Fig. 6.20). The lemon sign due to concave frontal bones (Fig. 6.21). 
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Fetal Rena 
Poly 


Comments 


A 30-year-old woman at 21 weeks gestation presented a fetal US examination with bilaterally 
symmetrical hyperechogenic kidneys. 


Cystic renal disease comprises a heterogeneous group of inherited, developmental and 
acquired disorders. Potter's classification, although incomplete and without general 
acceptance, covers all the most important pathologies. Many other uncommon syndromes 
are associated with cystic renal disease, which should be known whenever hyperechogenic 
and multicystic kidneys are identified. 


Fig. 6.25 


Fig. 6.23 
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Autosomal dominant polycystic kidney disease (adults) has an incidence of 1/1,000 live 


births and is the most frequent hereditary cystic kidney disease. It is a systemic disorder char- 
acterised by the formation of cysts in the organs with ductules, especially the kidney and the 
liver, and occasionally might be present in the pancreas, spleen and central nervous system. 

Ultrasound image is similar to that of autosomal recessive polycystic renal disease, pre- 
senting dilated, hyperechogenic, enlarged and symmetrical kidneys. The bladder is gener- 
ally present and the amount of amniotic fluid is normal. Corticomedullary differentiation 
may be indistinguishable and some authors have described the presence of macroscopic 
cysts inside hyperechogenic kidneys. Renal hyperechogenicity is defined through compar- 
ison with the adjacent liver and spleen. It is difficult to evaluate during the first and second 
trimesters because, at the end of the second trimester the kidney is hyperechoic or isoechoic 
with respect to the liver. It is easy to determine from week 27 when the renal cortex should 
be hypoechogenic with respect to the liver. Increased cortical echogenicity may be due to 
the presence of multiple microcysts. The cysts only appear in later stages of adulthood 
although, exceptionally, cysts may be found during intrauterine life. 

Associated anomalies are hepatic, splenic and pancreatic cysts but they are only present 
in adulthood. Non-cystic abnormalities include cardiopathies (mitral valve prolapse), skel- 
etal anomalies, pyloric stenosis and intracranial aneurysms. 

A prenatal genetic diagnosis can be performed by a chorion biopsy. The process is fre- 
quently asymptomatic and usually presents itself during the fifth decade of life. 

It is difficult to determine the prognosis of cases diagnosed in utero. If there are affected 
siblings, later pregnancies will have a similar prognosis. The chance of acquiring a domi- 
nant disease is higher than the chance of acquiring a recessive disease. 

The presence of at least two cysts in each kidney by age 30 in a patient with a family 
history of the disease can confirm the diagnosis of autosomal dominant PKD. If there is any 
question about the diagnosis, a family history of autosomal dominant PKD and cysts found 
in other organs make the diagnosis more likely. 


US imaging from a fetus at 27 weeks shows symmetric hyperechogenic enlargement of both 
kidneys, and pyelocalyceal ectasia in a patient being monitored from week 20. After week 27 
the renal cortex should be hypoechogenic related to the liver (Fig. 6.22). Expectant mother 
at 21 weeks whose fetal morphological study revealed the presence of hyperechogenic, 
symmetrical kidneys with mild pyelocalyceal ectasia (Fig. 6.23). US shows a hyperechogenic 
fetal kidney compared to the liver or spleen at 27 weeks (Fig. 6.24). US demonstrates 
hyperechogenic kidney with no corticomedullary differentiation in trisomy 13 (Fig. 6.25). 


Imaging Findings 
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A 42-year-old woman, who was 22 weeks pregnant, presented for a prenatal ultrasound. 


Down syndrome is the most frequent autosomal trisomy in live births. The relevance of trisomy 
21 lies in the fact that it is the most frequent isolated genetic cause of mental retardation. 
Ultrasound Markers 


O Cardiac malformations 

€ Cystic hygroma (31%) 

e Ventriculomegaly/hydrocephalus: Ventriculomegaly is suspected when the atrial diam- 
eter exceeds 1 mm, although the separation of the choroid plexuses (more than 3 mm) 
depending on the medial ventricular wall may be visible proof of early dilation. 

@ Esophageal atresia 

@ Duodenal atresia (33%) 

e Omphalocele 


Other Common Signs of Trisomy 21 


e Shortened limbs: The Femur/Foot Length Ratio is almost constant from week 14 to week 
40 of gestation, with a median value of 0.99 + 0.06 standard deviation. A ratio below 0.87 
is considered abnormal. 

O Renal pyelectasis 

O Nuchal thickening: Benacerraf et al. suggest that a threshold of 6 mm or more after week 

15 indicates a high risk of trisomy 21. Currently, it is described that the excess of skin 

from a fetus with Down syndrome can be visualized by ultrasound as an increased 

Nuchal Translucency (NT) between weeks 11 and 14 of gestation (minimum fetal cran- 

iocaudal length 45 mm and a maximum of 84 mm). 

Intrahepatic calcification 

Brachycephaly 

Hyperechogenic bowel 

Sandal gap (larger than normal gap between the big and second toes) 

Widened pelvis 

Absence or hypoplasia of the nasal bone. 

Unique umbilical artery: Non-specific data more frequently observed in healthy fetuses. 

Relation to Down (5%). 

Clinodactyly (hypoplastic middle phalanx of the little finger) 

Small ears 

Hydropesia 

Lack of fusion of the Amnion and Chorion during week 14. 

Intracardiac echogenic focus (IEF). In low-risk populations when the focus appears in 

isolation and no other alterations are identified it is considered to be a “normal variant” 

and other tests are not usually recommended. 


US examination shows shortening of the femur in relation to the foot in a patient carrying a 
fetus with trisomy 21 at 22 weeks of gestation. The Femur/Foot Length Ratio of 0.84 is considered 
abnormal (Figs. 6.26 and 6.27). US view demonstrates a unique umbilical artery (Fig. 6.28). US 
examination demonstrates an intracardiac hyperechogenic focus in trisomy 21 (Fig. 6.29). 

US in the axial and longitudinal plane depicts nuchal thickening in a fetus with trisomy 21 
at 21 weeks (Figs. 6.30 and 6.31). The sandal gap sign is shown in the US image (Fig. 6.32). 
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Edward's Syndrome 


Fig. 6.33 
Fig. 6.34 


Fig. 6.35 Fig. 6.36 
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An ultrasound examination at 14 week gestation showed a cystic hygroma in the cervical 
region. 


Edward’s syndrome or Trisomy 18 has an estimated prevalence of 1/6,000-1/13,000 of live 
births. It occurs in all races and geographic areas. 

It is characterised by low weight at birth, short stature, mental and psychomotor devel- 
opment retardation (delay in the acquisition of abilities which require the coordination of 
muscular and mental activity) and hypertonia (abnormally high muscle tone). It is accom- 
panied by various visceral abnormalities. 

There is a death rate of 90% during the first year of life. The 10% who survive suffer from 
severe mental retardation and disabilities. Medium- and long-term physical and mental 
development varies greatly among the survivors. The few patients who achieve long-term 
survival have marked psychomotor limitations. 

Ultrasound Markers 

Structural anomalies: 


O Cardiac malformations: defect of the auriculo-ventricular septum, patent ductus 
arteriosus, aortic coarctation, Fallot’s tetralogy and double outlet right ventricle. 

e Cystic hygroma: abnormal cystic masses of lymphatic origin which usually appear in 
the posterolateral area of the neck. They are often associated with fetal aneuploidy (18, 
21 and Turner’s syndrome). The frequency varies depending on the gestational age, the 
aspect, the presence of hydrops and other abnormalities. More than 60% of fetuses with 
cystic hygroma have chromosomopathies. 

@ Diaphragmatic hernia: It indicates a high risk of chromosomopathy, 18 being the most 
frequent. 

e Hydrocephalus and spina bifida. 

O Cerebellar dysgenesis: Associated with an enlarged cisterna magna. Generally diag- 
nosed during the third trimester and associated with polyhydramnios. 

O Micrognathia: 

e Omphalocele: A central defect in the abdominal wall with herniation of the intra- 
abdominal structures at the base of the umbilical cord. 

€ Clenched Wrist/Hands: The most characteristic finding is the fixed flexion of the hands, 
often with the fingers intertwined. 

O Radial aplasia: This is a relatively common finding in trisomy 18; in fact, when radial 
aplasia is detected, the first consideration should be trisomy 18. 

e Clubfeet (32%): Have been associated with several chromosomopathies, especially 18 
and 13. Some authors recommend karyotype analysis in the presence of an isolated 
clubfoot since some mild associations may not be appreciated at the beginning of the 
second trimester. 

e Rocker bottom feet (28%): similar to the base of a rocking chair instead of having the 
medial arch of the normal foot. 

e Shortening of the limbs 

@ Arthrogryposis: Flexion deformities or movement disorders 
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Minor characteristics: 


Central nervous system: Agenesis of the corpus callosum, ventriculomegaly, dilation of 
the cisterna magna, Dandy Walker malformation, holoprosencephaly. 

Esophageal atresia (with or without traqueo-esophageal fistula) 

Craniofacial: Strawberry-shaped skull, hare lip, (the medial cleft being the most fre- 
quent), small ears with low implantation. 

Genitourinary: hydronephrosis, horseshoe kidney, bladder outlet obstruction, genital 
anomalies. 


Aneuploidy markers 


Choroid plexus cyst: found in 50% of fetuses with trisomy 18 and 1% in normal fetuses. 
A variant often seen during the second trimester. They are transitory and have no known 
effect on fetal development. When the karyotype is normal there is no known associa- 
tion. Observed choroid plexus cysts in 5096 of the fetuses with trisomy 18 and in 196 of 
fetuses with a normal karyotype. The detection of choroid plexus cysts as an isolated 
finding after a detailed ultrasound analysis should not alter the obstetric treatment, 
assuming that the patient is considered low risk for aneuploidy. 

Strawberry-shaped skull: Brachycephaly is a common characteristic of trisomy 18. It is 
a non-specific finding more frequently observed in normal fetuses, the same as choroid 
plexus cysts, but an association between the two indicates a high risk of trisomy 18. 
Nuchal thickening of more than 6 mm in the second trimester. 

Unique umbilical artery: trisomy 18 is the aneuploidy most frequently associated with 
unique umbilical artery (10-50%) 

Shortening of the limbs 

Other findings: 

Intrauterine growth retardation 

Abnormalities of the amniotic liquid 

Umbilical cord cysts 

Non-immune hydrops: Ascites, pleural and pericardial effusion, polyhydramnios, thick- 
ening of the placenta and cutaneous edema are identified. 1396 of fetuses with trisomy 
18 have hydropesia/pleural effusion. The physiopathology implies congestive heart fail- 
ure and lymphatic dysplasia. 


US examination in the axial and longitudinal plane at 14 weeks gestation shows a cystic 


hygroma in the cervical region of a fetus with trisomy 18 (Figs. 6.33 and 6.34). 2D, 3D 


ultrasound and MRI shows radial aplasia. The hand turns inwards and the forearm appears 


shortened (Figs. 6.35-6.38). US shows polyhydramnios in a fetus with trisomy 18 
(Fig. 6.39). 


Fig. 6.44 
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A routine ultrasound at 20 weeks of gestation showed a cardiac malformation 


Fallot’s tetralogy (FT) is the association of: 


1. Subaortic interventricular septal defect. 
2. Overriding aorta. It is usually accompanied by an increase in the caliber of the ascend- 
ing aorta (the first sign for an experienced observer). 


3. Infundibular pulmonary stenosis 
4. Hypertrophy of the right ventricle, which only manifests itself after birth. 


FT is the most frequent cyanotic heart defect, accounting for 7% of structural heart 
defects. The main pulmonary artery is small, and characterised by a superior and anterior 
deviation of the entrance or the infundibular septum with respect to the rest of the inter- 
ventricular septum, giving rise to interventricular communication with a deficient align- 
ment together with pulmonary and subpulmonary stenosis. The ascending aorta is dilated. 

Chamber views, as interventricular communication involves the septal exit area, but this 
may not be appreciated unless the defect extends towards the septal entrance area or the 
tetralogy is associated with AV communication; 

In three vessel views the alignment is abnormal. Instead of the vena cava, aorta and pul- 
monary artery being in a straight line there is an anterior and right displacement of the 
ascending aorta, with or without posterior displacement of the main pulmonary artery, but 
without altering the left to right order, which is maintained. 

The obstructive lesion of the right ventricular infundibulum is characteristically observed. 

In 20% of cases no continuity is observed between the right ventricle outflow tract and 
the pulmonary trunk, a condition known as pulmonary atresia with ventricular septal 
defect, and the pulmonary circulation is maintained by the reverse flow in the ductus 
arteriosus (fetuses with duct-dependent circulation) or by collaterals which connect the 
systemic circulation to the pulmonary artery. 


Various syndromes related to the chromosome 22q11 deletion are often associated with Fallot's 
tetralogy: pulmonary atresia, absence of pulmonary valve, atrioventricular defects, interruption 
of the aortic arch and aortic arch anomalies, hypoplasia or aplasia of the thymus. 

An incorrect orientation of the transducer may show an aortic septal discontinuity rem- 
iniscent of aortic straddling and simulate the pathology. It should, therefore, be explored. 

There is a good prognosis for isolated intrauterine Fallot's Tetralogy but worse for chro- 
mosomal or extracardial associations. 

Surgery series show an operative mortality of 296. The long-term prognosis is good. 


Axial US view shows straddled aorta with the subaortic interventricular defect of a fetus 
with Fallot's tetralogy (Fig.6.40,arrow). US Color Doppler mapping showing interventricular 
communication (Fig. 6.41, arrow). Cross section US showing infundibular pulmonary 
stenosis (Fig. 6.42). Axial US view demonstrates subaortic interventricular communication 
(Fig. 6.43, arrow). US examination shows Incorrect orientation of the transducer 
demonstrating an aortic septal discontinuity in relation to a reminiscent artifact of an 
inexistent straddling (Fig. 6.44, arrow). 


Comments 


Associated 
Anomalies 


Imaging Findings 
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Congenital Spondyloepimetaphyseal 
Dysplasia (SEDC), Strudwick Type 


Fig. 6.46 


Fig. 6.47 Fig. 6.49 


Obstetrics 


137 


A 29-year-old woman at 20 weeks gestation presented a fetal US examination showing 
shortening of the trunk and neck and a curvature of the long bones. 


Spondyloepimetaphyseal dysplasia, Strudwick type is an inherited disorder of bone growth 
that results in dwarfism, characteristic skeletal abnormalities, and problems with vision. The 
signs and symptoms of this condition at birth are very similar to those of spondyloepiphyseal 
dysplasia congenita. Spondyloepiphyseal dysplasia (SED) is a descriptive term for a group of 
disorders with primary involvement of the vertebrae and epiphyseal centers resulting in a 
short-trunk disproportionate dwarfism. Two major types of SED are recognized, namely, 
SED congenita and SED tarda. It is an autosomal dominant syndrome which is believed to be 
the result of alterations in type II collagen due to the presence of an abnormal COL2A1 gene. 
Strudwick type is a subtype of collagenopathy, types II and XI. Other syndromes which could 
be related are spondyloepimetaphyseal dysplasia, Kniest syndrome, achondrogenesis type II 
and Stickler syndrome. 

The neck and spine are short, with platyspondyly and reduced intervertebral distance 
which produces kyphoscoliosis and lordosis. There is an absence of ossification of the 
pubis, calcaneous or astragalus. The long bones are short, with delayed mineralization of 
the epiphysis and curvature of the long bones which may be bowed. Often, a valgus align- 
ment of the knees may develop, associated with overgrowth of the medial femoral condyle. 
Genu varum may also occur, though it is rare. Clubfeet may be present in some patients. 

Increased incidence of lumbar lordosis and associated hip flexion contractures are 
observed even in the newborn period. The abdomen is protuberant. Thoracic scoliosis or 
kyphosis may become evident in adolescence. Single and double curve patterns have been 
noted. Thoracic kyphosis may be severe, measuring up to 130°. Kyphosis or kyphoscoliosis 
can be rigid and severe. 

Associated ocular anomalies include myopia with retinal detachment (>50%) and cata- 
racts. Other ocular manifestations include buphthalmos, secondary glaucoma, and strabis- 
mus; however, the corneas are clear. 

Other associated conditions include deafness and abdominal or inguinal hernia. A rare 
form of SED congenita is associated with nephrotic syndrome. 

It is compatible with life although affected adults are short in stature. 


US 3D volumetric and 2D image in the sagittal plane showing a globular abdomen and a 
small thorax with no pulmonary hypoplasia, related to shortening of the trunk (Figs. 6.45 
and 6.46). US shows short, curved long bones characteristic of this syndrome (Fig. 6.47). 2D 
ultrasound in the sagittal plane showing a short neck and spine with platyspondyly and 
reduced intervertebral distance (Fig. 6.48). MRI in the sagittal plane shows the same 
findings as described on Fig. 6.48 (Fig. 6.49). 
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A 36-year-old woman was submitted to a routine 28 week fetal ultrasound showing isolated 
ventriculomegaly of the posterior horns and polyhidramnios. The analysis of the fetal 
amniotic fluid did not reveal any chromosomopathy. 


The term lissencephaly means “smooth brain”. It corresponds to a severe malformation of 
the cerebral cortex, secondary to an impaired neuronal migration between the third and 
fourth months of gestation. The most common findings are either the absence (agyria) or 
the paucity (pachigyria) of cerebral convolutions, although other cranial and extracranial 
features may be present depending on the manifestations of associated syndrome. 
Lissencephaly is classified into two groups: Type I or classic lissencephaly, where neurons 
fail to reach the cortical plate, shows different degrees of agyria, pachigyria and/or 
subcortical band heterotopia. It is most commonly associated to Miller-Dieker or Norman- 
Roberts syndrome. Type II, or cobblestone complex, where neurons move into the subpial 
space. It is observed in some forms of congenital muscular dystrophy associated with 
cortical maldevelopment. 

Prenatal diagnosis with ultrasound is difficult. Depending on the series, there are cases 
diagnosed between 23 and 31 weeks of gestation, as earlier. Cases associated to Miller- 
Dieker (type I lissencephaly) or Walker-Warburg (type II lissencephaly) syndromes are 
easier to diagnose due to associated intracranial malformations. Fetal MR allows detec- 
tion and confirms the abnormal cortical development and associated abnormalities. MR 
also increases the conspicuousity of less severe forms of cortical dysplasia, which may not 
become evident in ultrasound until late in pregnancy or might never be detected. A vari- 
able rate of lissencephaly cases has an underlying genetic malformation. If a mutation is 
present, early prenatal diagnosis can be achieved with a DNA analysis and MR and genetic 
study of the mother is advised. 

Obstetric ultrasound has become a routine tool performed in almost every pregnant 
woman. It is a safe and accurate marker of the gestation, allowing the detection of many 
fetal malformations or other types of complications. Fetal MR is a recent application of 
MR, due to the lack of use of ionizing radiation. It is most commonly used after the detection 
of a genetic, analytical or ultrasound abnormality, to establish or confirm a suspected 
diagnosis. 


US axial images demonstrate isolated ventriculomegaly of posterior horns and 
polyhidramnios. Previous fetal ultrasound at 12 and 20 weeks were normal (Figs. 6.50 and 
6.51). Fetal MRI performed at 31st week of gestation reveals: hypoplasia of corpus callosum, 
dilatation of posterior horns, delayed cerebral sulci development (corresponding to 26th 
week of gestation), agyria (absence of sulci and convolutions) (Fig. 6.52). MRI after birth 
confirmed the prenatal diagnosis of lissencephaly type I (Fig. 6.53). 
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A 34-year-old woman had a history of repeated 
abortions. On transvaginal ultrasound, a double uterine 
cavity was identified. MR was performed for further 
assessment. 


Müllerian anomalies are a group of malformations that 
usually result from a stop in development, an abnormal 
formation, or incomplete fusion of the mesonephric 
ducts. Their possible outcomes are uterine agenesis or 
dysgenesis, vaginal and cervical abnormalities or 
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uterine malformations. These entities were classified by the American Fertility Society in 
1988. They can be associated with other genital malformations, urological, rectal, or skeletal 
dysplasia. Exceptionally, it may be an acquired alteration. Its prevalence in fertile women is 
about 1%. The most common presentation is primary infertility or repeated abortions. 

Three imaging techniques are traditionally used to study Müllerian abnormalities: 
transvaginal sonography, hysterosalpingography (HSG), and pelvic MRI. The first two are 
often used as screening tools, but they have some limitations to assess the outer contour of 
the uterus or to exclude other associated anomalies. HSG can only display the endometrial 
cavity. Today MRI is the imaging technique of choice, as it allows both adequate assessment 
of Miillerian anomalies and an accurate preoperative diagnosis. MRI study of uterine 
Müllerian anomalies usually includes T2-weighted acquisitions in the three planes or a 3D 
acquisition with isotropic voxel, which allows performing multiplanar reconstructions. 

One of the most common anomalies is the existence of a uterine septum. Uterine septum 
is secondary to the absence of resorption of the medial segments of the paramesonephric 
ducts after their fusion, and it is formed by fibrous tissue. It is associated with a high rate of 
abortions, probably due to lack of blood flow at the septum. It may be partial or complete, 
and even, it may extend up to the cervix and vagina. The outer contour of uterine fundus is 
normal, smooth, and convex. The definitive diagnosis can be made by MRI or hysteroscopy: 

Its main differential diagnosis is a bicornuate uterus, which is caused by an incomplete 
fusion of paramesonephric ducts, resulting in two endometrial cavities communicating 
with a single cervix. The degree of fusion can be variable. Externally, bicornuate uterus has 
an indentation of the contour of the uterine fundus, with a separation of the two horns and 
a bilobulated morphology. 

HSG shows the uterine cervix with a single or two divergent uterine horns. The differen- 
tial diagnosis must be made with a septated uterus based on the intercornual angle: if it is 
greater than 105°, it is considered diagnostic of a bicornuate uterus, and if less than 75°, it 
may correspond to a uterine septum. Definitive diagnosis is usually made either by MRI, 
which allows visualizing the external contour and nature of uterine septum (fibrous tissue 
or myometrium), or by hysteroscopy, which allows direct visualization. 

The differentiation between these two diseases is important because treatment is 
different: a hysteroscopy-guided metroplastia is performed for a uterine septum, while a 
bicornuate uterus needs an open surgery in order to be corrected. 


Hysterosalpingogram. Uterus is displaced to the right. Two divergent uterine horns are 
displayed, that have an intercornual angle greater than 105°. The left tube is permeable, 
while the right one is not well opacified (Fig. 7.1). Coronal multiplanar reconstruction 
T2-weighted image. Similar findings as on hysterosalpingography are shown, consistent 
with bicornuate uterus. Note the presence of a large subserosal fibroid at the uterine fundus 
(arrow) (Fig. 7.2) Pelvic sagittal T2-weighted image. Large subserosal fibroid is seen with 
hyperintense areas inside it, probable due to hyaline degeneration. Small amount of free 
fluid is identified on the Douglas pouch (Fig. 7.3). Pelvic postcontrast fat suppression fast 
gradient echo image. Heterogeneous enhancement of the fibroid is visualized. Note the 
presence of a small well-defined cystic lesion at the left adnexa (Fig. 7.4) 


Imaging Findings 
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A 16-year-old girl was referred for study of primary amenorrhea. 


The Mayer-Rokitansky-Küster-Hauser (MRKH) syndrome is characterized by a congenital 
aplasia of the uterus and the upper two-third of the vagina. These women have otherwise 
normal development of secondary sexual characteristics and normal external genitalia, 
with normal ovarian function, and karyotype 46 XX without visible chromosomal 
anomalies. It affects at least 1 of every 4,500 women. MRKH can be isolated (type I), but is 
more frequently associated with renal or vertebral anomalies, or auditory and cardiac 
defects (type II or association MRKH MURCS - Mullerian, renal, cancer, somites anomalies). 
Symptoms depend on the presence of rudimentary structures, but generally the first sign 
of MRKH is a syndrome of primary amenorrhea, being its second most common cause in 
young women after gonadal dysgenesis. It may be also manifested by recurrent abdominal 
pain or hematometra. 

MRI is the most appropriate imaging test, which reveals an absent or very small uterus, 
cervix, or vagina, depending on the affected segment. The uterine remnants are usually 
better displayed in sagittal projections. In fact, up to 10% of cases may have a structure that 
shows a rudimentary Miillerian myometrium, with low signal on T2-weighted sequences, 
or it is possible to even identify a functional endometrium. 


Sagittal fat suppression T2-weighted sequence depicts that uterus, cervix, or proximal 
vagina are not seen (Fig. 7.5). Axial T2-weighted sequences. There is no evidence of 
Miillerian rests between rectum and bladder. In a lower level, a rudimentary distal third of 
vagina is displayed (Figs. 7.6 and 7.7). Coronal T2-weighted sequence. Both adnexa are 
adequately seen with small peripheral follicular cysts (Fig. 7.8). 
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A 39-year-old woman hada history of infertility. She was referred to our imaging department 
to perform HSG and pelvic MRI studies. 


Leiomyoma, also known as myoma or fibroid tumor is the most common uterine mass with 
a prevalence between 30% and 40% of women on reproductive age. 

Fibroids are tumors derived from myometrial smooth muscle cells with a support of 
connective tissue. They are influenced by hormonal changes, growing in size with estrogens 
and decreasing with progesterone. A small percentage of them are symptomatic, which 
depends on its location: submucosal, intramural, or subserosal. Submucosal fibroids may 
clinically present as metrorrhagia or infertility. Intramural or subserosal could manifest as 
palpable abdominal mass if they reach a certain size, or as acute pelvic pain in the case of 
torsion, when they are pedunculated. Natural evolution of fibroids may be hyaline 
degeneration, fat necrosis or less often malignant transformation. Ultrasound (especially 
the transvaginal approach) has a detection rate of fibroids superior to 90%, and constitutes 
a first-line imaging test for diagnosis. The classic ultrasound appearance is a hypoechoic 
mass that deformates or increases the uterine contour. When there is doubt about the 
diagnosis, location, or number, the imaging technique of choice is pelvic MRI with 
gadolinium. On MRI, fibroids appear as well-defined lesions with low signal on both 
Tl-weighted and T2-weighted sequences. They usually show a pseudocapsule that 
surrounds them with a thin hyperintense ring on T2-weighted sequences. After 
administration of gadolinium, fibroids shows lower enhancement than the myometrium. 
When there are degenerative changes, fibroids signal becomes heterogeneous, with high 
intensity on T2-weighted sequences and areas of absent enhancement. When bleeding or 
red degeneration occur, hyperintense foci appear on T1-weighted sequences. Fibroids can 
calcify in up to 5% of cases, which would result in low signal foci on MRI. 


The Hysterosalpingogram shows a small filling defect within the endometrial cavity at the 
level of the uterine corpus. An abnormal uterine contour is also identified on both uterine 
edges (Fig. 7.9). The sagittal TSE T2-weighted sequence shows submucosal and intramural 
fibroids, as well as a large posterior subserosal one (Fig. 7.10). A postcontrast sagittal 
dynamic fat suppression fast gradient echo T1-weighted image demonstrates a progressive 
enhancement of the normal myometrium compared with hypoenhancement of the multiple 
fibroids (Fig. 7.11) 
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A 47-year-old woman was referred due to hypermenorrhea and pelvic pain. US and MRI 
were requested for further assessment. 


Endometrial polyps are very frequent, up to 10%, especially in perimenopausal women. It 
is believed to be related to glandular proliferation in response to estrogenic stimuli. 
Histologically they are composed by dilated endometrial glands within a vascular stroma. 
Clinically, they are associated with menstrual abnormalities and dysmenorrhea, although 
they may twist or even become malignant (less than 1% of cases). 

The diagnostic approach may be performed by conventional imaging techniques such 
as hysterosalpingogram or ultrasound (including sonohysterography), and using MRI as a 
second-line test in doubtful cases. In hysterosalpingography, polyps are often displayed as 
pedunculated or sessile not mobile filling defects. In occasion, due to their small size, polyps 
may go unnoticed if the contrast is instilled quickly. On ultrasound, these lesions appear 
isoechoic with the endometrium, with the endometrial-myometrial line preserved and a 
visible stalk. On MRI, polyps are usually identified as isointense or slightly hypointense 
structures within the endometrium. Sometimes, polyps can become heterogeneous with 
small cysts within them, when they are larger. The differential diagnosis includes 
endometrial carcinoma, which does not enhance very intensely with gadolinium, as polyps 
do. However, it is not always possible to distinguish these two entities based on imaging 
findings, which could even coexist. Another differential diagnosis is submucosal fibroids, 
which tend to be more hypointense on T2-weighted sequences than polyps. 


Pelvic ultrasound shows thickening of endometrial line witha heterogeneous, predominantly 
hypoechoic content (Fig. 7.12). High-resolution axial and coronal TSE T2-weighted MRI 
shows a hypointense nodule attached by a thin pedicle to the right wall of endometrium 
(Figs. 7.13 and 7.14). Postcontrast fat suppression fast gradient echo T1-weighted image 
demonstrates homogeneous enhancement of both endometrial line and polyp (Fig. 7.15). 


Imaging Findings 
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Fig. 7.16 
Fig. 7.18 
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A 36-year-old woman was referred for infertility problems. 


Adenomyosis is a disorder characterized by the existence of ectopic endometrial tissue 
within the myometrium. It typically appears in multiparous females among 30-55 years 
old. Clinical manifestations of this entity are metrorrhagia, abdominal pain, and even 
palpable mass because of the increased uterine volume by reactive hyperplasia of smooth 
muscle cells of the myometrium. The classic radiological appearance of adenomyosis on 
ultrasound is the presence of heterogeneous areas with low echogenicity within the 
myometrium. The presence of small dilated cystic glands within the heterotopic endometrial 
tissue may occur in up to 50% of patients. The ectopic tissue can be arranged in lines and 
causing the appearance of striations parallel to the endometrial lining causing a 
pseudowidening and poor demarcation of this line. Hysterosalpingography usually shows 
diverticula within the endometrium contour due to the introduction of contrast media 
within the subendometrial glands. T2-weighted sequences are the most useful MRI 
sequences for the study of adenomiosis, showing a thickening of the endomyometrial 
transitional zone, greater than 12 mm. Multiple hyperintense foci in the myometrium can 
be displayed on T2-weighted images representing small endometrial cysts or small 
hemorrhages, which will appear also as hyperintense areas on T1-weighted sequences. An 
overall increase in uterine volume is common. The differential diagnosis includes 
leiomyomas and focal adenosis, which is more elliptical, less well defined, and it does not 
show a clear mass effect. 


Hysterosalpingography identifies bilateral pseudodiverticular lesions on both uterine 
horns, with an irregular uterine contour due to filling of subendometrial ectopic glands 
(Fig. 7.16). Coronal and sagittal T2-weighted images show ill-defined thickening of the 
transitional zone, with decreased signal intensity and small cystic lesion within it, consistent 
with adenomyosis (Figs. 7.17 and 7.18). Axial fat suppression T2-weighted image 
demonstrates similar findings as on Figs. 7.17 and 7.18. Note also the presence of small 
hyperintensity foci communicating with the endometrial cavity (Fig.7.19) The postcontrast 
fat suppression fast gradient echo T1-weighted image displays small hypointense foci at the 
transitional zone at the level of the left uterine horn. The rest of the myometrium shows 
homogeneous enhancement (Fig. 7.20) 
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Fig. 7.21 


Fig. 7.24 
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A 76-year-old woman was referred for endometrial cancer staging. 


Endometrial carcinoma is the most common gynecologic malignancy in developed 
countries. This cancer mainly appears in postmenopausal women. Signs and symptoms of 
presentation, mainly bleeding, help early diagnosis in more than 80% of cases, which show 
an initial FIGO stage I, without extrauterine extension. The FIGO classification is the most 
common staging tool. The invasion of the cervix, stage II, occurs in up to 10% of cases. 
Involvement of pelvic structures (stage III and IV) is less common. The lymphatic spread 
usually correlates with the degree of myometrial invasion, and the presence of pelvic or 
retroperitoneal lymph nodes is not rare. Distant metastases are more common to the lungs. 
Adenocarcinomas account for 80-9096 of all endometrial carcinomas. 

Both ultrasound and MRI are the most common techniques for the study of endometrial 
carcinoma. Ultrasonography is an acceptable first-line modality to assess postmenopausal 
bleeding. An endometrial thickness of 5 mm has a sensitivity of over 9596 for endometrial 
cancer detection. A thickened endometrium is usually identified, with irregular or poorly 
defined small cystic lesions within it. Moreover, MRI is the technique of choice for 
presurgical staging especially in cases with difficulty in the biopsy or in which there are 
doubts among cervical or uterine origin of the primary tumor. MRI has shown its 
superiority over other techniques (US and CT) in tumor staging of endometrial cancer. 
There are three items to be investigated; myometrial involvement, cervical stroma integrity, 
and the presence of locoregional lymph nodes. T2-weighted sequences and dynamic 
contrast Tl are commonly used for tumor staging. After gadolinium administration, 
endometrial cancer usually enhances less than neighboring myometrium, but enough to 
distinguish it from hematometra. Disruption of the junctional zone by a hyperintense 
lesion is indicative of myometrial invasion. Disruption of the hypointense cervical stroma 
on T2-weighted sequences with endocervical canal widening is highly suspicious of cervical 
invasion. MRI also enables to rule out invasion of adjacent pelvic structures and to exclude 
the presence of lymph nodes. Diffusion-weighted sequence is a promising tool to increase 
the sensitivity and specificity for tumor and lymph node characterization. 


Axial and sagittal T2-weighted images confirm a diffuse endometrial thickening at the left 
uterine horn. It affects the entire myometrial thickness without deforming the external 
uterine contour. It extends through the cervical canal but the stromal ring is preserved. 
These findings are consistent with stage IIA (Figs. 7.21 and 7.22). 

Pre- and postcontrast fat suppression fast gradient echo T1-weighted image. Note the 
hypovascular appearance of the mass compared to the surrounding myometrium (Figs. 7.23 
and 7.24). EPI DWI with a b value of 1,000 s/mm? and corresponding ADC map show mark- 
edly restriction of the free water diffusion within the endometrial lesion and a small right 
iliac lymph node with restricted diffusion corresponding to a metastatic lymph node 
(Figs. 7.25 and 7.26). 


Comments 


Imaging Findings 
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A 65-year-old woman diagnosed of endometrial adenocarcinoma 3 years ago was treated with 
hysterectomy. She is referred to our department to perform an MRI follow-up (stage IB G2). 


The survival and recurrence rates of endometrial carcinoma are closely related to its 
preoperative staging. The overall survival rate for this disease is about 77%. For stage I 
disease, survival is 86% at 5 years, and in stage IV cases is 16%. This survival rate is mainly 
due to the high percentage of patients diagnosed with stage I, which stands at 73%. Although 
a recurrent endometrial carcinoma may be occasionally diagnosed even after 10 years of 
the initial treatment, it will normally appear in the first 5 years after treatment. 

The vagina is the sole site of recurrence in 30-50% of patients with endometrial carci- 
noma recurrence; the remaining patients develop pelvic or paraaortic lymph node metas- 
tasis or systemic spread manifesting as hepatic, pulmonary, or osseous metastasis or even 
peritoneal carcinomatosis. 

There are three mechanisms which can explain the vaginal recurrence in endometrial 
carcinoma; implantation or seeding of the cancer cells in the vaginal vault at the time of 
surgery, lymphatic spread, and venous spread. 

The degree of dedifferentiation and depth of endometrial muscle invasion also increase 
the risk for the development of vaginal recurrence. 

On pelvic MRI, vaginal vault recurrence is characterized by loss of the low-signal- 
intensity linear configuration of the vaginal vault and visualization of an associated soft- 
tissue mass of heterogeneous signal intensity on T2-weighted images, similar to that of the 
primary tumor. Sometimes, it is difficult to distinguish these findings from postirradiation 
changes. Dynamic contrast-enhanced MRI has been shown to be helpful in improving the 
specificity and accuracy of tumor recurrence detection, as it demonstrates maximum 
enhancement between 45 and 90 s after contrast administration. However, early irradiation 
changes and the presence of infection could simulate recurrence and continue to pose a 
diagnostic dilemma, because both entities may show enhancement. Serial imaging, 
imaging-guided biopsy, or PET may be required to further clarify this situation. Diffusion- 
weighted MRI imaging is a new tool useful in this distinction, due to its ability to detect 
areas of high cellularity related to tumor recurrence. 


Sagittal T2-weighted MRI shows large endometrial mass that invades more than 50% of the 
myometrium. It also infiltrates the cervix but without disruption of the cervical stroma 
(Fig. 7.27). Axial and sagittal T2-weighted MRI images for follow-up after surgery. A slight 
hyperintense mass located in the right lateral side of the lower third of vagina is identified 
(Figs. 7.28 and 7.29). Postcontrast fat suppression fast gradient echo T1-weighted image 
shows moderate peripheral enhancement of the mass. Note the invasion of the right 
puborectal muscle (Fig. 7.30). EPI DWI with a b value of 1,000 mm/s’, ADC map and fusion 
image of the T2-weighted and DWI images. The mass shows a markedly restricted diffusion 
(ADC value of 0.7 x 10? s/mm?), better displayed on the fusion image, consistent with 
recurrence of endometrial adenocarcinoma (Figs. 7.31-7.33). 


Comments 


Imaging Findings 
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A 28-year-old female with previous history of a large symptomatic fibroid and pregnancy 
desires was referred for embolization. 


Uterine fibroids are the most common solid tumors of the female genital tract. They are 
benign and more than 50% of the affected women have no symptoms; for this reason they 
usually do not need treatment. When there are symptoms, hysterectomy has been, and 
remains as the only definitive solution adopted in many of these patients. In 1995, Ravina 
and colleagues proposed the uterine artery embolization (UAE) as an alternative treatment 
to surgery in women with symptomatic fibroids, a technique that has been proven as 
effective and safe, with lower incidence of major complications, than hysterectomy. 

Women candidates to UAE have to satisfy the following criteria: symptomatic fibroids 
(meno-metrorrhagia or painful fibroids), women of reproductive age with uterine fibroids 
that prevent from pregnancy (fibroid as cause of primary infertility or repeated abortions). 
The type and location of fibroid is not a main contraindication for UAE. 

Pretreatment evaluation of a patient with leiomyomas must include pelvic MRI to deter- 
mine size, location, and contrast enhancement of uterine fibroids, as well as, alternative or 
unsuspected coexistent pelvic abnormalities. At least, a pre-embolization MRI study 
requires a T2-weighted sequence in the three planes and a dynamic postcontrast sequence. 
A timing bolus is recommended to obtain an adequate arterial phase during the dynamic 
acquisition, which will allow angiographic reconstruction of the uterine artery. MRI should 
be able to exclude the presence of vascular anomalies, and to determine the size, number, 
and location of fibroids, and intralesional characteristics such as bleeding or necrosis. 
These data are of great importance, as they may determine the outcome of embolization. 
The less necrosis exists, the greater fibroid volume reduction after embolization will 
become. 

Follow-up 1 and 6 months after embolization by MRI is recommended, performing the 
same protocol as to evaluate the characteristics of the fibroids and to confirm the response 
to treatment. Hemorrhagic changes and lack of enhancement are sings of successful 
embolization. 


Pre- and postcontrast fat suppression fast gradient echo T1-weighted image performed 
pre-embolization. Large slightly hypoenhancing intramural fibroid is seen at the posterior 
aspect of the uterus (Figs. 7.34 and 7.35). Pelvic angiogram before embolization shows both 
feeding uterine arteries and an ill-defined enhancement of the uterine fibroid (Fig. 7.36). 
Pelvic angiogram after embolization of both uterine arteries with microspheres depicts 
that there is no evidence of flow, either on the uterine vessels or within the uterine fibroid 
(Fig. 7.37). Pre and postcontrast fat suppression fast gradient echo T1-weighted image 
1 month after UAE showing complete absence of enhancement within the fibroid, consistent 
with adequate embolization. Note the normal enhancement of the rest of the myometrium 
(Case courtesy of Dr. F. Garrido, Hospital Clínico, Granada, Spain) (Figs. 7.38 and 7.39). 
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A 34-year-old woman with recurrent gestational trophoblastic disease was referred to our 
department to perform follow-up imaging, after being treated by two curettages. 


Gestational trophoblastic disease (GTD) is a set of benign and malignant diseases, resulting 
from an abnormal proliferation of trophoblast from the human placenta (hyperplasia) and 
the paternal genome, with an occasional maternal contribution. 

From a clinical standpoint, GTD includes malignant entities such as choriocarcinoma 
and placental site tumor, and others. The main clinical risk is bleeding, especially for some 
complete moles (invasive), or the rare trophoblastic hyperplasia, sometimes complicated 
with partial moles. Others types are benign as most of partial and complete moles. Genital 
bleeding is the most common symptom in patients with complete mole, due to the separa- 
tion of the molar tissue from the uterine wall. In general, the clinical features include symp- 
toms and signs of a threatened abortion, and in some cases, the diagnosis is only performed 
after the histological examination of the abortion material. 

Since the beta HCG is used as a method of diagnosis and management of this disease, 
the use of imaging tests are limited to study the extension of the lesion. Transvaginal ultra- 
sound is the first-choice technique for diagnosis and staging, but also to rule out the exis- 
tence of the fetus or yolk sac. CT examination has proven to be useful in metastatic disease, 
especially for thoracic involvement. Pelvic MRI is very useful to assess the degree of myo- 
metrial invasion in patients with invasive mole or choriocarcinoma. Choriocarcinoma is 
usually seen as an intrauterine mass with heterogeneous high signal intensity on 
T2-weighted images. After gadolinium injection, the mass enhances markedly, consistent 
with the rich vascularity of the tumor, and even signal voids can be identified. Myometrial 
invasion is visible as high-signal-intensity foci within the myometrium, which demonstrate 
enhancement on postcontrast images. An enhancing parametrial soft tissue mass is char- 
acteristic of local spread. 

Invasive mole is the less aggressive of the two forms of persistent gestational trophoblastic 
disease, seen in about 10% of cases after complete hydatidiform mole treatment (and less 
frequently in patients with partial hydatidiform mole). Patients usually present persistent 
bleeding and elevations in the serum of beta-HCG level. 


Coronal and sagittal T2-weighted image shows a heterogeneous fundal uterine mass with 
hypointense areas which may correspond to foci of hemorrhage due to curettage. Note also 
the presence of an adnexal cyst (Figs. 7.40 and 7.41). Sagittal postcontrast fat suppression 
T1-weighted image demonstrates heterogeneous enhancement and miometrial extension 
(partially invaded) of the lesion (Fig. 7.42) 

Sagittal and transverse fat suppression T2-weighted images of a pelvic MRI follow-up, 
performed after a third curettage, shows complete remission of the disease without evi- 
dence of either residual mass or myometrial invasion (Figs. 7.43 and 7.44). 
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A 56-year-old woman was referred for MRI evaluation of a large heterogeneous cystic- 
solid pelvic mass seen on a previous pelvic ultrasound. 


Uterine sarcoma is a rare malignant tumor with poor prognosis, usually coursing with 
extraordinary aggressiveness. Its incidence is estimated to be 1.7/100,000 women over 
20 years, their frequency ranges from 1% to 6% of malignant tumors of the uterus, and 
together accounts for 1-2% of malignant tumors of the female genital tract. The most 
common histologic variants are mixed Miillerian tumors (the most common type), 
leiomyosarcoma, endometrial stromal sarcoma, and rhabdosarcoma. The clinical course of 
sarcomas is quite unspecific. The most common symptoms are changes in the cadence and 
intensity of menstruation in premenopausal women and postmenopausal metrorrhagia, 
with a rapid increase in uterine size. 

In many cases the diagnosis is made by endovaginal pelvic ultrasound in patients with 
bleeding. In other cases, the diagnosis is performed on the MRI examination in patients 
with known fibroids, where it shows areas of degeneration. Although most of the leiomyo- 
sarcomas arise de novo from the myometrium, malignant transformation of leiomyomas 
can occur too. 

Uterine sarcomas are frequently large tumors at the time of the diagnosis, making it dif- 
ficult to determine the primary origin of the mass. On MRI, these lesions usually show low 
or intermediate signal intensity on T1-weighted sequences, with small areas of high signal 
intensity on Tl-weighted due to microhemorrhage. They also show areas with lack of 
enhancement after gadolinium injection. They appear as heterogeneous masses with high 
signal on T2-weighted images in more than 50% of the tumor volume. The differential 
diagnosis includes benign leiomiomas. Uterine sarcomas usually are larger and ill defined. 
They also show hypoenhancing areas with focal necrosis and intratumoral hemorrhage. 
These findings, along with the existence of local invasion and metastatic disease with peri- 
toneal dissemination at the time of diagnosis, usually favor the diagnosis of uterine sar- 
coma. MRI has shown its accuracy to provide an adequate preoperative assessment of 
uterine size and the degree of involvement. 

Treatment of uterine sarcoma is total hysterectomy with bilateral oophorectomy. The 
usefulness of pelvic and/or retroperitoneal lymphadenectomy, radiotherapy, and adjuvant 
chemotherapy for the treatment of lymph node metastasis is still under discussion. 


Sagittal and coronal T2-weighted image shows a large lobulated mass dependent on the 
uterine fundus without a well-defined capsule. Note the presence of multiple cysts with 
fluid-fluid levels inside (Figs. 7.45 and 7.46). Precontrast fat suppression fast gradient echo 
T1-weighted image identifies a large hemorrhagic component within the mass (Fig. 7.47). 
Postcontrast fat suppression fast gradient echo T1-weighted image demonstrates several 
hypoenhancing intratumoral areas of focal necrosis and hemorrhage (Fig. 7.48). 
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A 70-year-old woman with left iliac pain was admitted for a pelvic CT. 


About 90% of cervical carcinomas are squamous cell carcinoma,5-10% are adenocarcinoma, 
and others are rare histologic subtypes. Prevalence of invasive squamous cell carcinoma 
has been decreasing because of cytologic screening (Papanicolaou smear). Most cervical 
squamous cell carcinomas grow at the squamocolumnar junction. In younger women, the 
tumor tends to grow outward (exophytic growth pattern). In elderly patients, cervical 
cancer tends to grow inward along the cervical canal (endophytic growth pattern). 
Occasionally, as in this case, cervical cancer may present in an advanced stage, and it is 
diagnosed incidentally by imaging. 

Accurate staging and assessment of prognostic factors are crucial for determining the 
optimal treatment modality in cervical cancer. Therapy decisions are based on integrated 
data from physical examination and imaging studies, essentially computed tomography 
(CT) and magnetic resonance (MR) imaging. These modalities provide anatomic informa- 
tion for accurate evaluation of primary tumor size, depth of stromal invasion, and pelvic 
side wall involvement, although MR is superior to CT in local staging of cervical cancer. 
Computed tomography is also indicated in diagnosing hydronephrosis associated with 
cancer invasion, lymph node metastases, or distant metastases. 

CT and MRI cannot evaluate properly nodal spread due to an inherent inability to depict 
small-volume disease in nonenlarged lymph nodes. Positron emission tomography (PET) 
with 2-[fluorine-18] fluoro-2-deoxy-p-glucose (FDG) provides both qualitative and quan- 
titative metabolic information for diagnosis and disease management. Primary tumor can 
spread by direct extension or via the regional lymphatic vessels. FDG PET with concurrent 
abdominopelvic CT is considered highly appropriate in assessing nodal disease on stage II 
or higher, and in patients with suspected tumor recurrence. FDG PET or PET/CT has 
proved to be more accurate than high-resolution CT alone, particularly in determining 
locoregional lymph node involvement and extrapelvic disease extension. 

A novel functional MRI approach using diffusion-weighted imaging has recently 
revealed potential for accurate detection and characterization of nodal metastasis of 
cervical cancer. Paraaortic lymph node metastasis, which is an important determinant of 
progression-free survival, is observed in approximately one-third of patients with locally 
advanced cervical cancer (FIGO stage IIB-IVA). Distant metastasis can be observed even in 
patients with small-volume tumors. 


Figures 8.1-8.4: Axial CT images with oral and IV contrast at different consecutive levels. 
Show a moderate right hydronephrosis (white arrows). Figure 8.2 identifies an endometrial 
cavity dilatation. An obstructive heterogeneous cervical mass with irregular borders is 
demonstrated in Figs. 8.3 and 8.4 (asterisks) causing right ureteral entrapment. A left iliac 
bone metastases is seen in Fig. 8.4. 
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MR Staging of Cervical Cancer 


Fig. 8.6 


Fig. 8.8 
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A 60-year-old woman with a previous diagnosis of squamous cell carcinoma was submitted 
for staging on MRI. 


MR imaging can provide highly accurate information on the local extent of pelvic tumors. 
MR imaging has better soft-tissue contrast resolution and multiplanar capability than CT. 
It has 50-75% sensitivity for estimation of the degree of parametrial invasion, while CT has 
43-55%. MR imaging performs better than CT in the detection of bladder and rectal 
invasion (sensitivity: 75% and specificity: 90%, versus 75% for both values for CT). Cervical 
cancer appears hyperintense on T2-weighted images. Sagittal T 1-weighted and T2-weighted 
images and oblique axial T2-weighted images obtained perpendicular to the uterine axis 
are used for staging. 

Staging of cervical carcinoma with MR imaging is based on the International Federation of 
Gynecology and Obstetrics (FIGO) classification system. 

STAGE IA: microinvasive tumor (cannot be demonstrated at MR imaging) 

STAGE IB: confined to cervix (tumor is completely surrounded by hypointense cervical 
stroma on axial T2-weighted images) 

STAGE IIA: invades upper two-thirds of the vagina (segmental disruption of the hypoin- 
tense vaginal wall on T2-weighted images) 

STAGE JIB: parametrial invasion (triangular protrusion of the tumor through the dis- 
rupted hypointense ring of cervical stroma) 

STAGE IIIA: vaginal involvement reaches the lower third of the vaginal canal 

STAGE IIIB: extension to the pelvic wall or hydronephrosis (obliterates the entire cardinal 
ligament and extends to the pelvic muscles) 

STAGE IVA: the tumor invades the vesical or rectal mucosa (disruption of the hypointense 
vesical or rectal wall or a segmental thickened rectal wall) 

STAGE IVB: distant metastases, paraaortic or inguinal lymph node metastases 


Sagittal T2-weighted image (Fig. 8.5) shows a cervical mass (asterisk) with segmental 
disruption of the hypointense vaginal wall, including the lower third of the vaginal canal 
(arrow). Axial T2-weighted image (Fig. 8.6) demonstrates lack of rectal mucosa invasion. 
Coronal T2-weighted (Fig. 8.7) and axial fat-suppression T1-weighted images after contrast 
administration (Fig. 8.8) does not demonstrate parametrial invasion. 
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Fig. 8.9 


Fig. 8.11 
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A 30-year-old woman with a previous history of infertility was referred to the radiology 
department for further assessment. 


Approximately 1% of all women and 3% of women with recurrent pregnancy losses have 
an uterovaginal anomaly. As many as 25% of women with miillerian duct anomalies have 
reproductive problems, including increased risk for spontaneous abortion, prematurity, 
and intrauterine growth retardation. A correct classification of congenital abnormalities of 
the female reproductive system is important in the treatment of infertility. Imaging is 
essential in their classification. Histerosalpingography, ultrasound, and MRI are used on 
the imaging workup, but the most common technique used to establish or confirm the type 
of congenital anomaly is MRI. 

MR is able to rule out involvement of the cervix and vagina. MR sequences that may be 
used for diagnosis of uterovaginal anomalies are: coronal T1-weighted sequence for the 
kidneys and pelvis, sagittal T2-weighted fast-spin-echo sequence, axial T1-weighted spin- 
echo sequence, and oblique long-axis T2-weighted FSE sequence. 

Bicornuate bicollis uterus is a variant of bicornuate uterus in which the anomaly is 
combined with a muscular uterine septum that extends to the external os. MR imaging 
may help differentiate a septated from a bicornuate uterus, by depicting a normal convex, 
flat, or minimally concave external fundal contour with a septate uterus. MR imaging can 
demonstrate the composition and extent of the septum. 

On MR, the normal vagina is normally seen as a tube of intermediate signal intensity 
between the bladder base and urethra anteriorly and the anal canal posteriorly. The 
direction and extent of a vaginal septum should be assessed. A vaginal septum could be in 
a high, middle, or low position. It is more common in the upper vagina, and it is not 
uncommon that it causes obstruction and a blood-filled vagina (hematocolpos). 


Figures 8.9-8.11: Oblique coronal T2-weighted MR images show a concave external uterine 
fundal contour (asterisk) and a low-signal-intensity fibrous septum (arrow) that extends to 
the external cervical os. Incomplete septal resorption after miillerian duct fusion results in 
a bicornuate bicollis uterus. 
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Fig. 8.13 
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A 52-year-old woman with conglomerated cervical cysts detected on ultrasound was 
referred for an MRI examination. 


Nabothian cysts are retention cysts of the uterine cervix. Nabothian cysts are a common 
incidental finding that is usually located in the uterine cervix. At this level, endocervical 
glands are present and they occasionally extend deep into the cervical stroma. They result 
from healing process of chronic cervicitis. During chronic inflammation, the squamous 
epithelium proliferates, covering the columnar epithelium of the endocervical glands. After 
that, the mucus secreted by the columnar epithelium (now covered by the squamous 
epithelium) cannot be evacuated and forms a retention cyst. They might reach large size 
(24 cm). These cysts can be easily diagnosed clinically by visual inspection. Large cysts 
located deeper in the cervical stroma can cause unexplained enlargement of the cervix. 
Tunnel cluster, a special type of nabothian cyst, is characterized by complex multicystic 
dilatation of the endocervical glands. 

Nabothian cysts appear as a single cystic or multiple cystic lesion in the fibrous cervical 
stroma, contiguous and round, with regular boundaries on imaging techniques. Multiple 
nabothian cysts show posterior acoustic enhancement on ultrasound and appear as low- 
attenuated cysts in the cervix on CT. The cysts show intermediate or slightly high signal 
intensity on T1-weighted images and have high signal intensity on T2-weighted images. A 
solid component surrounding or separating multiple cysts is considered a clue in 
distinguishing adenoma malignum from benign lesions such as nabothian cysts. 


Axial T2-weighted (Fig. 8.12), long axis T2-weighted (Fig. 8.13), coronal T2-weighted 
(Fig. 8.14), and sagittal T2-weighted (Fig. 8.15) MR images show multiple small cysts in the 
deep stroma of the cervix. A small cystic image is depicted in the right adnexa (Fig. 8.13). 
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Fig. 8.16 


Fig. 8.17 


Fig. 8.18 
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A 56-year-old woman complained of vaginal discharge. An MRI examination was performed 
for further assessment. 


Minimal-deviation adenocarcinoma, also known as adenoma malignum, is a rare variant 
of well-differentiated mucinous adenocarcinoma of the uterine cervix, which is 
characterized by multilocular cystic lesions extending from the endocervical glands to the 
deep cervical stroma. Its prevalence is about 3% of all cervical adenocarcinomas. To make 
a correct diagnosis, it is necessary to find a characteristic pathological feature such as 
multiple irregular lobulations of distorted glands demonstrating a “hair-pin” shape. The 
most common initial symptom is a watery discharge that is often associated with Peutz- 
Jeghers syndrome and mucinous tumors of the ovary. The prognosis of adenoma malignum 
is known to be poor because of early dissemination into the peritoneal cavity and early 
distant metastasis. It disseminates into the peritoneal cavity even during the early stage of 
the disease and responds poorly to radiation or chemotherapy. 

A multicystic lesion with some solid components in the deep cervical stroma on imaging 
has been reported to be evidence of adenoma malignum. Pathologic analysis shows 
conjugation of small cystic spaces lined predominantly by mucin-containing columnar 
epithelial cells with cystic spaces filled with mucin. Most of the glands have cellular atypia 
and structural dysplasia. The differential diagnosis includes deep nabothian cysts, florid 
endocervical hyperplasia, and well-differentiated adenocarcinoma. The possibility of 
differentiating these lesions from adenoma malignum with MR imaging is controversial. It 
has been reported that a multicystic lesion with some solid components in the deep cervical 
stroma is evidence of adenoma malignum at MR imaging, although some benign cystic 
lesions that affect the cervix also appear multicystic with solid features. There have been 
many reports investigating pseudoneoplastic glandular lesions, which are benign lesions 
that are often confused with adenoma malignum, either histologically or radiographically. 
These include papillary endocervicitis, tunnel cluster, deep endocervical glands, deep 
nabothian cysts, microglandular hyperplasia, mesonephric hyperplasia, diffuse laminar 
endocervical glandular hyperplasia, glandular hyperplasia not otherwise specified, 
metaplasias, endometriosis, Atrias-Stella reaction, changes secondary to extravasation of 
mucin, and infectious and reactive atypias. The MR findings of pseudoneoplastic glandular 
lesions have been shown identical to those of adenoma malignum. 


Axial and sagittal T2-weighted MR images (Figs. 8.16 and 8.17) show a high-signal-intensity 
multilocular cystic lesion (arrows) within the posterior aspect of an enlarged uterine 
cervix. Coronal T1-weighted MR image (Fig. 8.18) demonstrates high signal of the cystic 
lesions due to proteinaceous content (arrowheads). A large hypointense uterine myoma is 
also noticed (asterisks). 
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A 38-year-old woman with dyspareunia is submitted to perform a pelvic MRI examination. 


Bartholin gland cyst formation is caused by chronic inflammation or infection of the 
underlying glands, resulting in ductal obstruction from purulent material or mucus. 
Bartholin glands are small glands located on the posterolateral vagina. They are derived 
from the urogenital sinus and are lined with transitional or columnar epithelium. Most of 
these lesions are asymptomatic. They may be complicated with infection, hemorrhage, and 
rupture. Treatment options for symptomatic cysts include administration of silver nitrate, 
surgical excision, and marsupialization. 

Bartholin gland cysts are located in the posterolateral inferior third of the vagina medial 
to the labia minora and at or below the level of the pubic symphysis. The cysts are usually 
unilocular, with a size ranging from 1 to 4 cm. They are hyperintense on T2-weighted 
images and have variable signal on T1-weighted images depending on their proteinaceous 
or mucinous content. 

Their main differential diagnosis is Gartner cysts. The classic location of this vaginal 
cyst is along the anterolateral vagina above the level of the most inferior aspect of the pubic 
symphysis. The cyst is usually solitary and less than 2 cm, and may contain septa. They 
appear hyperintense on T2-weighted and hypointense on T1-WI on MR imaging if the 
contents are primarily simple fluid; and hyperintense on T1-WI and hypointense on T2-WI 
if the contents are hemorrhagic or proteinaceous. 

Other differential diagnoses are: 


O Urethral diverticula: communication with urethra, wrap around the urethra in a horse- 
shoe configuration 

O Skene duct cyst: located just lateral to the external urethral meatus 

@ Müllerian cyst 

O Epidermal inclusion cyst 

O Perineal-vulvovaginal endometriomas 


Axial (Fig. 8.19), coronal (Fig. 8.20), and sagittal (Fig. 8.21) T2-weighted MR images 
demonstrate two hyperintense cysts (arrows) located on the posterolateral vaginal wall, 
without urethral communication. Axial T1-weighted image after contrast administration 
(Fig. 8.22) does not show enhancement, demonstrating low signal intensity. A large 
leiomyoma is also noted (Fig. 8.20, asterisks). 
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A 32-year-old woman with chronic pelvic pain was referred to an MRI examination. 


Endometriosis is defined as the presence of functional endometrial glands and stroma 
outside the uterine cavity. Deep pelvic endometriosis is defined as subperitoneal invasion 
by endometriotic lesions exceeding 5 mm in depth. It can affect fibromuscular pelvic 
structures, such as the rectovaginal septum and uterosacral ligaments, as well as the vagina 
(15% of the cases), alimentary tract, and urinary tract. Deep pelvic endometriosis is 
frequently associated with dysmenorrhea, dyspareunia, pelvic pain, urinary tract symptoms, 
and infertility. As the standard treatment for deep endometriosis is complete surgical 
excision of the endometriotic lesions, presurgical diagnosis and accurate knowledge of the 
precise location of the lesions are essential prerequisites for successful outcomes. 

Transvaginal ultrasonography is usually the first imaging technique used to diagnose 
endometriosis. It is the method of choice for differentiating endometriomas from other 
ovarian cysts. 

MRI is highly accurate in the diagnosis of infiltrating extraperitoneal endometriosis; it 
allows the identification of lesions that are hidden by adhesions and also detects subperi- 
toneal lesion extension. MR imaging allows a complete survey of the anterior and posterior 
compartments of the pelvis. 

Involvement of anatomic structures such as the vaginal or rectal wall should be suspected 
when these structures have a hypointense thickened or nodular appearance on T2-weighted 
images. 

Hyperintense foci may be observed with T2-weighted sequences, findings that 
correspond to dilated ectopic endometrial glands. These foci may have high or low signal 
intensity, depending on the presence or absence of bloody content, on fat-suppressed 
T1-weighted MR images. 


Coronal T2-weighted (Fig. 8.23), axial fat-suppressed Tl-weighted after contrast 
administration (Fig. 8.24), axial T1-weighted (Fig. 8.25), and sagittal T2-weighted (Fig. 8.26) 
MR images show irregular thickening of the upper and posterior aspect of the bladder wall 
(arrow). A nodular lesion, predominantly hypointense on T2-weighted sequences and of 
intermediate signal on Tl-weighted image, obliterates the vesicouterine recesses and 
contacts with the anterior vaginal wall (asterisk). This finding indicates endometriotic 
involvement of the vesicovaginal septum and the vesicouterine pouch. 
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A 88-year-old woman with known prolapsed vaginal vault by physical examination was 
referred for a CT exam. 


Vault prolapse consists of descent and eversion of the vaginal vault. In cases of complete 
eversion, a bulging “mass” can be seen outside the external genitalia. The outer wall of this 
“mass” is the mucosa of the vagina, and the contents are the prolapsed pelvic organs. 
Patients with vaginal eversion have difficulty walking or sitting, as well as, pelvic pressure 
and protrusion of tissue through the vagina. Patients may also have urinary or rectal 
dysfunction secondary to additional coexisting pelvic floor defects. 

The uterosacral ligaments suspend the cervix and upper vagina from the presacral 
fascia. This attachment pulls these structures superiorly and posteriorly over the levator 
plate toward the sacrum. This mechanism is protective because the vagina moves into 
the hollow of the sacrum and forms a horizontal supporting shelf when abdominal pres- 
sure increases. The pubocervical fascia attaches the lateral vagina to the pelvic sidewall at 
the arcus tendineus fascia pelvis. The inferior lateral wall is attached to the pubococcygeal 
muscle by the connective tissue fibers of Luschka. Posteriorly, the rectovaginal fascia 
attaches the vagina to the perineal body inferiorly and blends with the uterosacral liga- 
ments superiorly. Diagnosis is made at physical examination with visual assessment of 
vault prolapse and mucosal eversion. When the uterus is present, prolapse of the cervix 
relative to the hymen is noted. 

Straining displaces the vagina inferiorly, and the distal portion may be displaced 
anteriorly. The vagina may appear shortened due to partial eversion of the vault. Vaginal 
vault descent causes a traction effect on the cul-de-sac, displacing it inferiorly. This 
phenomenon results in an increase in the potential space of the cul-de-sac so that small 
bowel loops can be seen low in the pelvis. If cervix and uterus are present, rotational descent 
of these structures can occur. Complete prolapse of the uterus is called uterine procidentia. 
Criteria used to define cervical and vaginal vault prolapse include (a) cervix or vaginal 
vault below the pubococcygeal line and (b) cervix or vault less than 1 cm above the 
pubococcygeal line. 


Figures 8.27 and 8.28: Axial CT images with oral and urinary contrast obtained with the 
patient at rest show extrapelvic prolapse of the bladder and uterus. Sagittal MPR 
reconstruction demonstrates uterine descent and rotation (arrows), called procidentia 
(Fig. 8.29). Coronal MPR reconstruction shows the prolapsed bladder with an elongated 
appearance (asterisk) (Fig. 8.30). 
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A 63-year-old woman was referred for a PET-CT for local and distance staging from a 
vaginal carcinoma. 


Primary vaginal carcinoma is rare, accounting for only 1-2% of gynecologic malignancies 
and ranking fifth in frequency behind carcinoma of the ovary, uterus, cervix, and vulva. 
Squamous cell carcinoma makes up about 85% of primary vaginal malignancies, occurring 
predominantly in postmenopausal women (peak age 60 years). 

Primary vaginal carcinoma occurs most commonly in the upper third and posterior 
wall of the vaginal. It tends to spread early, by direct invasion of the bladder and urethra 
anteriorly and the rectum posteriorly. One-third of patients have pelvic or groin lymph 
node involvement at diagnosis owing to early spread through the blood and lymphatic 
system. 

Malignant involvement of the vagina occurs more commonly from metastatic spread, 
and except for isolated reports of metastases from extragenital cancers, the most common 
cause of metastatic disease is direct local invasion from malignancies of the female uro- 
genital tract. 

Pelvic computed tomography (CT) scan is generally performed to evaluate pelvic lymph 
nodes, as well as extension of local disease. Magnetic resonance imaging (MRI) has emerged 
as a potentially important modality in the evaluation of vaginal cancers. An additional role 
of MRI is to differentiate tumor from fibrotic tissue in patients with suspected recurrent 
vaginal carcinoma. Positron emission tomography (PET) is evolving as a modality of 
potential use in the evaluation of vaginal cancer to detect with higher accuracy than CT 
scan the extension of the primary tumor as well as abnormal lymph nodes. In current prac- 
tice, therapeutic planning radiotherapy for disease volume assessment is performed using 
guidance by CT, MRI, and/or PET-CT. 

Although MRI provides greater resolution to assess the local extension of tumor, FDG- 
PET detects the primary tumor, abnormal lymph nodes, and distal staging more accurately 
than CT. PET-CT is also useful to assess response to treatment. 


Figure 8.31: Axial FDG PET/CT shows a focal area of uptake in the distal third of the vagina. 
Bone involvement is evident. Figure 8.32: Coronal FDG PET/CT demonstrates multiple 
mediastinal and pelvic lymph node metastases. Figure 8.33: Coronal FDG PET/C performed 
after 3 months of chemotherapy at a similar level as Fig. 8.32 shows a good response to 
treatment. 
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A 50-year-old woman with vaginal leakage of urine after radiation therapy due to bladder 
cancer was referred for an MRI examination for further assessment. 


Vesicovaginal fistulas usually occur as a complication of childbirth or gynecologic 
procedures. Hysterectomy is a common culprit for bladder injury and subsequent fistula 
formation. The remainder causes are irradiation, trauma, and fulguration. In patients with 
a malignancy, fistulas may occur as a result of a primary or recurrent tumor or as a 
consequence of surgery or radiation therapy. Vesicovaginal and enterovaginal fistulas are 
the most common types seen in association with gynecologic malignancies. Neoplasms of 
the bladder and cervix, especially with ischemic endarteritis obliterans from irradiation, 
may lead to a vesicovaginal fistula. 

Vaginography in conjunction with physical examination have traditionally been used 
for diagnosis, with sensitivities of 40-100%. 

When a low vesicouterine fistula is present, CT after IV contrast injection is a good 
method to show the fistula, but a high pressure in the bladder may be necessary. 

When a high vesicouterine fistula is suspected, it is best shown on hysterography. 

Simple vesicovaginal fistulas usually have a diameter of less than 0.5 cm, are unique, and 
occur in nonirradiated tissue. 

Complex vesicovaginal fistulas typically are larger, include multiple tracts, and occur in 
previously irradiated tissue. 

MRI is probably the best imaging technique for identification of fistulas involving the 
vagina, and to depict their anatomical extent. Sagittal plane is preferred to detect vaginal 
fistulas. It affords optimal depiction of disruption from the muscularis of the posterior 
bladder wall in a vesicovaginal fistula and discontinuity of the posterior vaginal or anterior 
rectal wall in a rectovaginal fistula. On T2-weighted images, the fistula is typically seen as a 
high-signal-intensity, fluid-filled communication. Short inversion time inversion-recovery 
(STIR) images may provide even more elegant depiction of a fistulous tract than 
conventional T2-weighted images. An air-filled tract produces low signal intensity on MR 
images, regardless of the pulse sequence used. 


Axial T1-weighted image (Fig. 8.34), MR Urography (Fig. 8.35), fat suppression T2-weighted 
(Fig. 8.36) and axial T1-weighted images after contrast administration (Fig. 8.37) show 
focal enhancing areas of due to vaginal and vesical parietal thickening (arrows). Edema of 
the bladder and vagina is indicative of a nonspecific mucosal reaction to impaired perfusion. 
Figure 8.36 shows disruption of the posterior bladder wall in a vesicovaginal fistula 
(arrowhead). The vagina is distended with fluid within (asterisk). 
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A 30-year-old woman presented with a 1-year history of low abdominal pain. A palpable 
low abdominal mass was noted. Pregnancy was ruled out, and an abdominal plain film and 
ultrasound study were performed. US detected a multiloculated cystic mass, and on this 
basis, contrast-enhanced abdominopelvic CT was carried out. 


Mucinous ovarian tumor is a subtype of epithelial ovarian neoplasm. Epithelial ovarian 
neoplasms are classified as benign, borderline (low malignant potential), or malignant, 
according to their histologic characteristics and biologic behavior. 

Epithelial neoplasms are typically cystic, and may be unilocular or multilocular with 
varying proportions of solid components. In general, the cell type cannot be established on 
imaging findings, but they are extremely useful to determine the likelihood of a mass being 
benign or malignant. 

Mucinous borderline ovarian tumors are usually very large, around twice the size of 
serous borderline ovarian tumors, and on US, CT, and MRI, commonly manifest as mul- 
tilocular cystic masses with numerous septa. 

US is the imaging modality of choice in the initial evaluation of a suspected adnexal 
mass. Transabdominal US, endovaginal US, or both should be performed. A number of 
morphologic features have being described as suggestive of malignant tumor. These include 
thick, irregular walls and septa, papillary projections, and solid, moderately echogenic 
loculi. 

CT scanning better delineates the extent of the mass, shows enhancing and nonenhanc- 
ing internal structures, and can depict hemorrhagic areas without contrast medium admin- 
istration. Enlarged lymph nodes and peritoneal implants can also be well assessed with this 
technique. 

On T1- and T2-weighted images, MRI study shows variable signal intensity within the 
loculi of the mass, depending on the proteinaceous or mucinous content, and hemorrhage. 
The signal intensity of mucin on T1-weighted images varies according to its degree of 
hydration, with higher signal intensity as hydration decreases. 

The differential diagnosis should include other epithelial ovarian tumors, hemorrhagic 
ovarian cyst, endometrioma, ectopic pregnancy, teratoma, tubo-ovarian abscess, pelvic 
hematoma, and peritoneal inclusion cyst. 


Plain abdominal radiograph (Fig. 9.1) shows a mass effect in the pelvis extending to 
midabdomen with upward displacement of the bowel loops (open arrows). 

Transabdominal US (Fig. 9.2) shows a well-defined multilocular cystic mass with mod- 
erately echogenic content in some loculi. 

Transabdominal US focused on the right side of the mass (Fig. 9.3) shows greater multi- 
plicity of the loculi with a honeycomb appearance, irregular thickened septa, and a solid 
component (arrow). 

Contrast-enhanced CT scan (Fig. 9.4) demonstrates a huge multilocular cystic mass 
with enhancement of the thickened septa and of the solid component. 
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A 19-year-old woman came to the emergency room with acute onset of lower abdominal 
pain and nausea. She related a history of similar episodes that had been self-limited. 
Abdominal ultrasound and a pelvic MRI study were performed. 


Ovarian torsion accounts for approximately 3% of acute gynecological surgical emer- 
gencies. It can occur at any age, but most patients are younger than 20 years. Ovarian torsion 
consists of twisting of the vascular pedicle of the ovary, leading to ischemia and ultimately, 
infarction. An early diagnosis and early surgery are important to achieve a better outcome 
and prognosis. 

Ultrasound is the diagnostic imaging modality of choice, with CT and MRI being rarely 
used. In girls who are not sexually active, transabdominal imaging is carried out, using the 
distended bladder as a window. In sexually active females, transvaginal imaging is usually 
performed. 

A unilateral, enlarged, hypoechoic ovary with 8-12-mm peripheral follicles is a sensi- 
tive, specific ultrasound finding. Associated free pelvic fluid may be seen. Color Doppler 
study can be helpful if there is an absence of arterial or venous flow, or a twisted vascular 
pedicle. Nonetheless, normal Doppler flow does not exclude ovarian torsion because the 
ovary has a dual blood supply from the ovarian and uterine arteries, and because torsion 
may be incomplete or intermittent. 

When CT or MRI are performed to evaluate the lower abdomen, some findings may be 
suggestive of ovarian torsion: an enlarged, displaced ovary, congested vessels and lack of 
ovarian enhancement, obliteration of the normal fat planes around the ovary, deviation of 
the uterus to the affected side, and ascites. On unenhanced CT scans, high attenuation 
values suggest hemorrhagic infarction of the torsed ovary. MRI shows acute or subacute 
hemorrhage within the ovary. 

The differential diagnosis should include complicated ovarian cysts or tumors, ovarian 
hyperstimulation syndrome, pelvic inflammatory disease, and endometriosis. 


Ultrasound image (Fig. 9.5) demonstrates a significantly enlarged, diffusely hypoechoic, 
right ovary with multiple small peripheral follicles measuring less than 1 cm in diameter 
(open arrows). 

Axial T1-weighted MR image (Fig. 9.6) shows an enlarged, low signal intensity, right 
ovary (arrows). 

Axial fat-suppressed (Fig. 9.7) and sagittal (Fig. 9.8) T2-weighted MR images show an 
enlarged right ovary displaying heterogeneous high signal intensity, with multiple small 
cystic structures in its periphery (open arrowheads), consistent with right ovarian torsion. 
There is associated free fluid in the pelvis (arrowhead). 
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A 24-year-old woman presented with a history of intermittent vague lower abdominal pain 
of 3 years’ duration, with no other specific symptoms. On clinical examination of the 
abdomen, no tenderness or pain was noted. Blood test results were normal. The patient 
underwent abdominal US and CT examinations, and pelvic MRI. 


Ovarian teratomas are the most common germ cell neoplasm. Teratomas are tumors 
comprising more than a single cell type, derived from more than one germ cell. Ovarian 
teratomas include mature cystic teratomas (dermoid cysts), immature teratomas, and 
monodermal teratomas (e.g., struma ovarii, carcinoid tumors, neural tumors). Mature 
cystic teratoma, the most common type, usually contains mature tissues of ectodermal, 
mesodermal, and endodermal origin. The median age at presentation is 30 years. Most 
women with mature teratomas are asymptomatic. 

Most mature cystic teratomas can be diagnosed on US study. The ultrasonographic 
appearance varies from a cystic lesion with a mural nodule (Rokitansky nodule), the “tip of 
the iceberg” appearance caused by high echogenicity secondary to the mixture of sebum 
and hair, associated with a massive acoustic shadow that obscures the posterior wall of the 
mass, to solid mass appearances. Calcification may not be easily detected on US. 

CT and MRI are more sensitive for fat detection than US. On CT, fat attenuation within 
a cyst, with or without a mural calcification, is diagnostic of mature cystic teratoma. 

On MRI, the fatty component of mature cystic teratoma usually displays a very high signal 
intensity on T1-weighted images, and a high-to-intermediate signal intensity on T2-weighted 
images, although this appearance can vary somewhat depending on the fluid and fat content. 

Other adnexal lesions such as endometriomas and functional hemorrhagic cysts can also 
show high signal intensity on T1-weighted images. Use of a fat-suppression sequence allows 
differentiation of hemorrhagic lesions from lipid-containing lesions. Identification of a chem- 
ical shift artifact may also be helpful in establishing the diagnosis of mature cystic teratoma. 

Owing to their fat content, mature teratomas should also be differentiated from malig- 
nant immature teratomas, which are largely solid in nature and contain small foci of fat and 
coarse calcifications. Other conditions to be differentiated from mature cystic teratomas 
include malignant ovarian neoplasms, tubo-ovarian abscesses, pedunculated uterine cysts, 
fibroids, hydrosalpinx, ectopic pregnancies, and peritoneal cysts. 

Complications of an ovarian teratoma include torsion, rupture with subsequent 
peritonitis, and malignant degeneration. 


Transabdominal US image at the level of the pelvis (Fig. 9.9) shows a diffusely echogenic 
mass with some sound attenuation (open arrows), in the right ovary. 

Contrast-enhanced CT scan (Fig. 9.10) demonstrates a well-defined right ovarian mass 
with internal fat attenuation (arrow), consistent with a mature cystic teratoma. 

On the T1-weighted MR image (Fig. 9.11) the mass displays high signal intensity (open 
arrowhead). 

Fat-suppressed T1-weighted MR image (Fig. 9.12) demonstrates a signal loss within the 
mass (arrowhead) secondary to the large amount of fat in the lesion. 


Comments 


Imaging Findings 
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Fig. 9.15 


Fig. 9.16 


A 37-year-old woman presented with a 1-year history of 
chronic pelvic pain and heaviness. Initial radiologic 
investigations included transabdominal US and contrast- 
enhanced abdominal CT. The main finding was a left 
ovarian varicocele, and the patient was referred for 


selective left gonadal vein venography and embolization. 


Fig. 9.14 


Fig. 9.17 
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Pelvic congestion syndrome (PCS), a common cause of chronic pelvic pain, often results 
from dilated and congested veins around the ovaries produced by retrograde blood flow in 
the gonadal veins. Ovarian varices occur in approximately 10% of women, and up to 60% 
of those with varices experience PCS. 

Although the imaging technique of choice for PCS is selective ovarian venography, 
patients with a medical history consistent with PCS should first undergo transabdominal 
or transvaginal US to exclude other pelvic abnormalities and investigate dilated uterine 
and ovarian vein structures related to pelvic varices. 

Color Doppler ultrasound study with spectral Doppler analysis usually demonstrates 
multiple tortuous pelvic veins with a diameter greater than 5 mm, slow blood flow (3 cm/s), 
and a dilated arcuate vein in the myometrium communicating bilateral pelvic varicose 
veins. Other findings include a dilated ovarian vein (commonly the left ovarian vein) with 
flow reversal, polycystic changes in the ovary, and a variable duplex waveform in the vari- 
coceles during Valsalva maneuvers. 

CT and MRI examinations in PCS usually demonstrate dilated, tortuous veins around 
the ovaries and uterus, with possible extension of varices into the broad ligament, pelvic 
sidewall, and paravaginal venous plexus. Contrast-enhanced CT in the arterial phase may 
show simultaneous opacification of a dilated ovarian vein and the renal veins, thus indicat- 
ing retrograde venous flow. 

On MRI, pelvic varices show flow-void artifact on T1-weighted images, and high signal 
intensity on gradient-echo images. On T2-weighted images, varices may display low-to- 
high or mixed signal intensity because of their relatively slow flow. 

Retrograde ovarian venography usually shows an incompetent, dilated ovarian vein 
with a diameter greater than 10 mm. Other criteria in favor of PCS include congestion of 
the uterine or ovarian plexus, filling of the pelvic veins across the midline, and vulvovaginal 
or thigh varicosities. Endovascular ovarian vein embolization is an alternative to surgery 
that has shown good response rates in most cases. 


Transabdominal US image (Fig. 9.13) shows multiple dilated tubular structures around the 
uterus and left ovary (open arrows). 

Color Doppler US image (Fig. 9.14) depicts a venous blood Doppler signal within these 
structures, demonstrating an ovarian varicocele (open arrows). 

Contrast-enhanced CT image (Fig. 9.15) shows multiple, tortuous, enhancing vessels 
around the uterus and ovaries that are more abundant on the left side (open arrows). 

Selective left ovarian venogram (Fig. 9.16) shows rapid filling of the dilated ovarian 
venous plexus (open arrow) and filling of the pelvic veins across a dilated arcuate vein in 
the myometrium (arrow) and throughout the pelvic sidewall plexus (open arrowhead). 

Left renal vein injection during Valsalva maneuver following embolization with coils 
(arrow) (Fig. 9.17) shows complete absence of reflux into the distal gonadal vein. 
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A 29-year-old woman came to the ER with low, right- 
sided abdominal pain and mild fever (38°C). Laboratory 
testing demonstrated leukocytosis. The patient reported 
that she had undergone IUD insertion 2 weeks previously. 
Transabdominal ultrasonography and abdominopelvic 
CT were performed. 
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Pelvic inflammatory disease (PID) is the inflammation and infection of the upper genital 
tract in women, caused by ascending spread of microorganisms from the vagina or cervix 
to the endometrium, fallopian tubes, and contiguous structures. Neisseria gonorrhoeae 
and Chlamydia trachomatis are the primary causes of PID, although the condition may be 
polymicrobial in up to 30-40% of cases. Right upper quadrant pain and perihepatitis can 
occur in the setting of a PID, leading to the so-called Fitz-Hugh-Curtis syndrome (FHCS), 
which results from intraperitoneal spread of infection from the pelvic cavity. 

Imaging findings vary with the disease stage. Ultrasound is the first imaging technique 
performed when PID is suspected. Thickened fluid-filled fallopian tubes, an enlarged ovary 
with hyperechoic surrounding fat, or an adnexal mass with heterogeneous echogenicity are 
some of the findings. In more severe cases, tubo-ovarian abscesses may be seen, appearing 
as a cystic mass, often with septations, debris, and irregular walls. 

CT is performed when US findings are equivocal or to identify associated complications. 
A small amount of fluid in the cul-de-sac, obscuration of the normal pelvic floor fascial 
planes, thickening of the uterosacral ligaments, cervicitis, oophoritis, salpingitis, and accu- 
mulation of simple fluid in the endometrial canal and fallopian tubes may be found in early 
PID. With progression to tubo-ovarian abscess, CT findings include a thick-walled, com- 
plex adnexal mass with low-attenuation center, septations, and often, an associated serpigi- 
nous structure corresponding to a dilated, pus-filled fallopian tube. Air within the mass is 
the most specific sign of an abscess, but is unusual in tubo-ovarian abscess. Reactive inflam- 
mation of adjacent structures is common and can appear as bowel ileus, hydroureter and 
hydronephrosis, right upper quadrant inflammation (FHCS), or peritonitis. At dynamic CT, 
FHCS manifests as intense capsular enhancement along the anterior surface of the liver, 
secondary to inflammation of the peritoneal covering of the liver. 

Another noninvasive imaging option is MRI, which demonstrates tubal enlargement as 
tortuous folding of fluid-filled structures on T2-weighted images. 

A differential diagnosis from adnexal neoplasm is necessary in almost all cases. 
Differentiation from acute appendicitis, hemorrhagic corpus luteum, ectopic pregnancy, 
endometriosis, and paraovarian cyst should also be established. 


Pelvic US image (Fig. 9.18) shows a thickened fluid-filled right fallopian tube with solid- 
appearing internal echoes consistent with pyosalpinx (open arrows).Hyperechoic surrounding 
fat is observed, due to edema (arrow). 

Abdominal US image (Fig. 9.19) demonstrates perihepatic free fluid adjacent to the left 
hepatic lobe (open arrow). 

Contrast-enhanced CT (Fig. 9.20) shows an enlarged tubular structure with enhancing 
walls and central low density, consistent with right tubo-ovarian abscess (open arrow). 
Surrounding pelvic inflammatory changes and associated pouch of Douglas abscess 
(arrow) are demonstrated. The IUD is noted in the uterine fundus (open arrowhead). 

Contrast-enhanced CT scan (Fig. 9.21) demonstrates mild hepatic capsular enhance- 
ment (open arrows) and free perihepatic fluid. 
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Fig. 9.22 


Fig. 9.23 Fig. 9.24 
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A 26-year-old woman presented with pain in her right lower quadrant for approximately 
10 days. Laboratory tests only revealed microcytic anemia. An abdominopelvic CT was 
requested. Based on the findings, a hysterosalpingography and a pelvic MRI were realized. 


A hydrosalpinx is a distally blocked fallopian tube filled with serous or clear fluid. The 
blocked tube may become substantially distended giving the tube a characteristic sausage- 
like or retort-like shape. The condition is often bilateral and the affected tubes may reach 
several centimeters in diameter. 

The major cause for distal tubal occlusion is pelvic inflammatory disease (PID). 

Some patients have lower, often recurring, abdominal pain or pelvic pain, while others 
may be asymptomatic. The blocked tubes cause infertility. 

At ultrasonography, hydrosalpinx appear as tortuous, tube-like structures, with thin 
walls and no internal echoes, because of the fluid-filled elongated and distended tubes. 

Hysterosalpingogram (HSG) shows the retort-like shape of the distended tubes and the 
absence of spillage of the dye into the peritoneum. However, if there is a tubal occlusion at 
the utero-tubal junction, hydrosalpinx may be undetected. When hydrosalpinx is detected 
in a HSG, it is prudent to administer antibiotics to reduce the risk of reactivation of an 
inflammatory process. 

At CT, bilateral hydrosalpinx appears as paired tubular juxtauterine fluid-density 
structures. 

On magnetic resonance (MR) images, hydrosalpinx appears as a fluid-filled C- or 
S-shaped tubular structure that arises from the upper lateral margin of the uterus. The 
signal intensity of the tubal fluid varies with the cause of the obstruction. On T1-weighted 
MR images, the signal intensity of the content of a dilated fallopian tube is usually that of 
simple fluid, but the tubal content may have high signal intensity if it is hemorrhagic or 
proteinaceous. On T2-weighted MR images, the cystic nature of the lesion displays high 
signal intensity with incomplete internal septa, which are usually low signal intensity. 

Differential diagnosis of hydrosalpinx includes cystic ovarian masses, loculated 
peritoneal fluid, peritoneal cysts, and tubo-ovarian abscesses. 


Axial contrast-enhanced CT image (Fig. 9.22) shows simple folded fluid-attenuation tubular 
structures in the bilateral adnexa (open arrows) with no adjacent inflammatory stranding 
or free fluid. Hysterosalpingogram (Fig. 9.23) shows dilatation of both fallopian tubes 
(arrows) with absence of contrast material outflow, findings indicative of tubal occlusion. 
Sagittal T2-weighted MR image (Fig. 9.24) shows a tortuous tubular structure with high 
signal intensity, corresponding to the dilated right fallopian tube (open arrowhead). 
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Case 7 

E 

Virchow's Node as 
First Manifestation of 
Bilateral Ovarian 
Serous Carcinoma 


A 41-year-old woman presented with a lump in her left supraclavicular fossa 
with no other symptoms. An ultrasound was performed, demonstrating an 
enlarged ovoid and hypoechoic lymph-node without fatty hilum. A biopsy was 
performed with the resulting pathological diagnosis of infiltration by 
adenocarcinoma. 18-FDG PET-CT was performed and showed high rate of 
metabolism in the left supraclavicular lymph node, multiple enlarged lymph 
node with high rate of metabolism in the retroperitoneal space, and bilateral 
ovarian enlargement with multiple lumps with high-rate metabolism. Under 
suspicion of bilateral ovarian cancer, pelvic MRI was performed. 


Fig. 9.28 


Fig. 9.29 
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Virchow’s node is a lymph node in the left supraclavicular fossa. It takes its supply from 
lymph vessels in the abdominal cavity. The finding of an enlarged, hard node (also referred 
to as Troisier’s sign) has long been regarded as strongly indicative of the presence of cancer 
in the abdomen (stomach, gallbladder, pancreas, kidneys, ovaries, testicles, or prostate) 
that has spread through the lymph vessels. 


Serous cystadenocarcinoma comprises 60-80% of all ovarian carcinomas. More than half 
of these tumors are bilateral (50-70%). Their size is smaller than that of the mucinous cysts. 
The borders are irregular with a loss of capsular definition. The tumor may be accompanied 
by bilateral ovarian enlargement. Multilocular cysts contain chambers of varying size with 
septated, internal papillary projections. The malignant tumors are thick walled and mul- 
tilocular with multiple papilla. Calcifications may be present. Solid elements or bilateral 
tumors suggest malignancy. Ascites forms secondary to peritoneal surface implantation. 
The tumor may spread to the lymph nodes, i.e. periaortic, mediastinal, supraclavicular. 

In many instances, epithelial tumors tend to be cystic and solid at gross morphologic 
examination, and their cell types cannot be differentiated on the basis of their appearance 
at MR imaging, CT, or ultrasonography (US). 

In a ovarian mass, the US, CT, and MRI features suggestive of malignancy include a 
lesion diameter greater than 4 cm; papillary projections (which are often seen on contrast 
material-enhanced images or demonstrated with Doppler-color or power-doppler); walls 
and septa more than 3 mm thick; a large soft-tissue component with necrosis; a lobulated 
solid mass; and the presence of tumor vessels on contrast-enhanced images or demonstrated 
with Doppler-color or power-doppler. None of these features are specific enough to indicate 
the diagnosis preoperatively. However, in general, the likelihood of malignancy increases 
with increasing solid-tissue elements and thicker septa. Ancillary findings of pelvic organ 
invasion, implants (peritoneal, omental, mesenteric), ascites, and enlarged lymph nodes 
increase the diagnostic confidence for malignancy. 


Power-doppler ultrasound image of the supraclavicular area (Fig. 9.25) shows an enlarged 
ovoid and hypoechoic lymph-node without fatty hilum. Coronal view of the 18-FDG 
PET-CT (Fig. 9.26) shows high rate of metabolism (increased FDG uptake) in the left 
supraclavicular lymph node (open arrow) and in multiple enlarged lymph node located in 
the retroperitoneal space (arrows). Axial view of the 18-FDG PET-CT (Fig. 9.27) shows an 
enlarged right ovary with high rate metabolism (open arrow), and focus of high rate 
metabolism in the left ovary (arrow). Axial T2-weighted MR image (Fig. 9.28) shows an 
enlarged right ovary with solid component (open arrow) and an enlarged left ovary with 
cystic component and intracystic papillary projections (arrows). Axial gadolinium- 
enhanced fat-suppressed T1-weighted MR image (Fig. 9.29) shows marked enhancement 
of the right ovary and of the papillary projections in the left ovary. 
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Fig. 9.35 
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A 47-year-old woman presented with lower abdominal pain that began 1 day before her 
menstrual period started and continued through it ended. She had a previous history of 
infertility. A pelvic MRI was performed. 


Endometriosis is the presence of functional endometrial glands and stroma outside 
the uterine cavity. Symptoms associated with endometriosis include infertility and 
pelvic pain. Endrometriosis can vary from microscopic foci to large, grossly visible 
endometriotic cysts (endometriomas). 

The most common site of involvement is the ovary, but all pelvic organs can virtually be 
affected. 

Endometriotic cysts (endometriomas) are usually the result of repeated cyclic hemor- 
rhage within a deep implant. Although cyst contents can be watery, they are more typically 
composed of thick, dark, degenerated blood products. This appearance has been called 
“chocolate cyst.” 

Endometriosis can cause peritubal adhesions, and can produce an obstruction and 
bleeding into the fallopian tubes leading to hematosalpinx. 

The classic features of uniform low-level echogenicity or a ground-glass appearance is a 
result of repeated episodes of cyclic bleeding. Hematosalpinx usually appears as a tortuous, 
tube-like structure, with fine internal echoes. 

MRI using T1-weighted, T2-weighted, and T1-weighted fat-suppressed sequences have 
always to be performed. Administration of gadolinium-based contrast material is not par- 
ticularly useful in the evaluation of endometriomas. 

MR imaging findings are adnexal cysts of high signal intensity on both T1- and 
T2-weighted MR images, or of high signal intensity on T1-weighted MR images and low 
signal intensity on T2-weighted MR images (shading). 

Other lesions that may appear with high signal intensity on T1-weighted MR images 
include dermoids, mucinous cystic neoplasms, and hemorrhagic masses. Dermoids can be 
recognized by the presence of chemical shift artifact and signal drop-out on the fat-suppres- 
sion images. Mucinous lesions can have increased signal intensity on T1-weighted images, 
but the signal is considerably less intense than that of fat or blood. The most problematic 
lesions to differentiate are hemorrhagic corpus luteum cysts, whose MR imaging appearance 
may be similar to that of endometriomas. Hemorrhagic cysts are usually unilocular, opposed 
to endometriomas, which are frequently multilocular and bilateral. In addition, hemorrhagic 
cysts do not exhibit shading on T2-weighted MR images and resolve with time. 

Hematosalpinx appears high signal intensity on T1-weighted MR images. 


Axial T1-weighted (Figs. 9.30 and 9.31) and T2-weighted (Figs. 9.32 and 9.33) MR images 
show multiple bilateral ovarian endometriomas and bilateral hematosalpinx (open arrows). 
Most of the ovarian lesions are hyperintense on T1-weighted MR images (arrows); however, 
two lesions in the right ovary (open arrowheads) have low signal intensity on T1-weighted 
image and high signal intensity on T2-weighted image, in relation with simple cysts. 

Axial T1-weighted fat-suppressed images (Figs. 9.34 and 9.35) show bilateral hematosal- 
pinx (open arrows) and bilateral ovarian endometriomas (arrows). 
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A 33-year-old woman presented to the ER with acute pain in the hypogastric area of 6 h of 
duration. At physical examination a painful mass was palpated in her right lower quadrant. 
Laboratory tests were unremarkable. Abdominal US and abdominal contrast-enhanced CT 
were performed. 


Hemorrhagic ovarian cysts are likely caused by bleeding into a corpus luteum. 

The distinction between a hemorrhagic corpus luteum and a corpus luteum cyst is 
largely arbitrary, with some authors using a size of 2 cm as the threshold. 

At US, a hemorrhagic corpus luteum cyst is a cyst that typically contains spiderweb-like 
material. Bizarre blood clots may also be seen. Even an experienced ultrasound examiner 
may confuse such clots with papillary projections or solid components. This explains why 
there is a risk of misclassifying hemorrhagic corpus luteum cysts as malignant tumors. 
While a clot may occasionally simulate a solid nodule, it is usually recognizable by its con- 
cave outer margin, and Doppler ultrasound examination may help to discriminate between 
a clot (no detectable Doppler signal) and a solid component (detectable Doppler signal). 
Blood clot can sometimes be recognized on gray-scale US scan by its jelly-like movement 
when pressure is applied with the transducer. If imaged acutely, before fibrin strands or a 
retracting clot develops, a hemorrhagic cyst can be partly or completely filled with hetero- 
geneous echoes that may simulate a solid mass. One should consider this possibility in a 
young woman with an ovarian mass that contains a seemingly solid heterogeneous compo- 
nent that lacks internal flow at Doppler US. When in doubt, follow-up ultrasound after 
6-12 weeks may be performed. However, some hemorrhagic cysts may take up to 4 months 
to regress. 

At CT, hemorrhagic luteal cyst attenuation is high because of the intracystic presence of 
blood products. When rupture occurs, CT depicts fluid surrounding the adnexa. 

MR imaging findings suggestive of hemorrhagic corpus luteum cyst include a unilateral, 
unifocal ovarian lesion displaying high signal intensity on T1- and T2-weighted images. 
The reason for the relatively high signal intensity on T2-weighted images within the hem- 
orrhagic corpus luteum cyst (as opposed to the low signal intensity on T2-weighted images 
within endometriomas) presumably relates to the lower proteinaceous and iron content of 
the former, which results in minimal T2 shortening. Usually, the degree of T1 shortening is 
greater for endometriomas than for hemorrhagic corpus luteum cysts. Unlike endometrial 
cysts, corpus luteum cysts contain a layer of luteinized cells that lines the cyst wall and that 
may appear thickened on MRI studies. 

The differential diagnosis is extensive and should also include ectopic pregnancy, 
adnexal torsion, neoplasm, and pelvic inflammatory disease. 


Abdominal US (Fig. 9.36) shows a 6 cm well-defined right adnexal solid mass (open arrow), 
with heterogeneous echotexture, and without vascularization. Axial (Fig. 9.37) and coronal 
(Fig. 9.38)-enhanced abdominal CT images show a predominantly isodense well-defined 
mass (arrows), with free intraperitoneal fluid in the right lower quadrant and in the 
perihepatic space. 
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Fig. 9.41 Fig. 9.43 


Adnexa 


207 


An asymptomatic 72-year-old woman underwent her annual gynecological revision, where 
a 5 cm left adnexal mass and a 2 cm endometrial thickening with vascularized polypoid 
formations were ultrasonographically depicted. An endometrial biopsy was performed 
and the pathological diagnosis was a papillary serous carcinoma. Subsequently a pelvic 
MRI was performed, demonstrating a left hydrosalpinx with mural nodules. 


Fallopian tube cancer is an extremely rare gynecological malignancy. Secondary cancers 
due to metastasis from the ovaries, endometrium, gastrointestinal tract, or breast are more 
common. 

Initial symptoms are usually secondary to the primary tumor, but the effects on the 
Fallopian tubes could determine the clinical presentation with pain, genital bleeding, or a 
palpable pelvic mass. 

The appearance of metastases in the Fallopian tubes depends on whether the solid 
tumor or the hydrosalpinx is the dominant component. If hydrosalpinx is the dominant 
component, it usually appears as a fluid-filled tubular adnexal structure that contains 
nodular or papillary solid components. If solid component is dominant, it appears as a 
sausage-shaped adnexal mass. 

At US, the fluid within the distended tube may appear anechoic or with low-level inter- 
nal echoes. The solid component appears as papillary projections or intraluminal masses. 
The presence of a vascular solid component at Doppler US helps differentiating tumor 
from blood clot or debris. 

At CT, tubal metastases appear as masses with attenuation values similar to that of other 
pelvic soft tissues. Enhancement after contrast material administration occurs, in a lower 
grade than that of the myometrium. 

At MR imaging, solid tumor implants are usually homogeneously or heterogeneously 
isointense on T2-weighted images, hypointense on T1-weighted images, and demonstrate 
enhancement after the administration of gadolinium-based contrast material. Associated 
hydrosalpinx may appear as simple serous fluid, with high signal intensity on T2-weighted 
images and low signal intensity on T1-weighted images. Signal intensity on T1-weighted 
images may be higher if hemorrhagic fluid is present. 

Imaging findings are almost identical to those described in primary Fallopian tube 
carcinoma, which is considered the least common of all gynecologic malignancies. 


Sagittal T2-weighted MR image (Fig.9.39) shows a hypointense mass within the endometrial 
cavity. 

Axial T1-weighted (Fig. 9.40), axial (Fig. 9.41) and coronal (Fig. 9.42) T2-weighted MR 
images show a left-sided hydrosalpinx (open arrows) with a low-signal intensity soft-tissue 
mural nodule (arrow), and small implants along the Fallopian tube (open arrowheads). 
Axial gadolinium-enhanced fat-suppressed MR image (Fig. 9.43) shows enhancement of 
the mural nodule (arrowhead). 
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Fig. 10.2 


Comments 


A 62-year-old man was admitted for investigation of a cerebral aneurysm. Cerebral 
angiography was performed. The procedure was undertaken by means of a right 
femoral artery approach. Two hours later the patient presented abdominal pain and a 
marked hypotension. 


Retroperitoneal hematoma (RH) is a rare clinical entity with variable etiology. 
Hemorrhage confined within the retroperitoneum may be spontaneous or 


Fig. 10.3 
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secondary to trauma and medical procedures. Presentation of this clinical entity may vary 
greatly depending on the degree and duration of the bleeding. 

Spontaneous retroperitoneal bleeding can present in the absence of specific underlying 
pathology or trauma. It is most commonly seen in association with patients with anticoagu- 
lation therapy, bleeding abnormalities, and hemodialysis. Although the term spontaneous 
implies the lack of observable injury, many authors have suspected that unrecognized minor 
trauma, vomiting, or coughing may initiate bleeding. Wunderlich syndrome is a spontane- 
ous nontraumatic bleeding confined to the subcapsular and/or perinephric space. Several 
causes have been reported, including benign and malignant renal neoplasms, vascular dis- 
ease, nephritis, infections, undiagnosed hematological disorders, and anatomical lesions. 

RH is a cause of death following blunt trauma, and a large percentage of deaths after 
trauma occur within the first 12 h from uncontrolled bleeding. Primary problems that must 
be addressed include the possibility of major associated intra-abdominal injury. In this 
setting, CT has been proven to be an excellent imaging modality for evaluation of hemody- 
namically stable patients with blunt abdominal trauma. The rapid diagnostic capability 
afforded by CT has contributed to a decrease in morbidity and mortality from traumatic 
abdominal injuries. 

Beside this, RH is increasing in incidence mainly due to complications related to inter- 
ventional procedures. Many different causes of RH secondary to medical procedures have 
been described in the literature: cardiac catheterization, coil embolization of cerebral 
aneurysm, extracorporeal shock wave lithotripsy, etc. 

CT scan is the best imaging method to establish the diagnosis and the management of RH. 
On CT scans, fresh hemorrhage is seen as a discrete mass of high attenuation. A fluid-fluid 
level may be present owing to the hematocrit effect. Chronic hematomas may be hard to dis- 
tinguish from abscesses and tumors. Contrast-enhanced CT is a basic tool for depicting active 
bleeding. Detection of active hemorrhage on CT is an important prognostic factor necessitat- 
ing immediate surgery or interventional angiographic therapy. Active bleeding is depicted on 
CT scans as a focal or diffuse high-attenuation collection of contrast material surrounded by 
hematoma or damaged parenchyma or as a jet of extravasated contrast material. 

There is a not established role for MR imaging in acute RH. The appearance of hemor- 
rhage depends on the age of the hematoma. 

Although patient management will need to be individualized for every case because it 
depends on the hemodynamic situation and etiologic diagnosis, endovascular treatment 
involving selective intra-arterial embolization or the deployment of stent-grafts over the 
punctured vessel is the treatment of choice in many patients. 


Contrast-enhanced arterial phase axial CT image (Fig. 10.1) depicts a jet of extravasated 
contrast material (open arrow) in the right femoral artery and extraperitoneal hematoma. 

Contrast-enhanced arterial phase coronal reformatted CT image (Fig. 10.2) shows better 
the retroperitoneal collection (arrow) and the jet of active bleeding. 

Volume rendering reformatted image (Fig. 10.3) demonstrates the jet of extravasated 
contrast material in the femoral artery (open arrowhead). 

Unenhanced coronal reformatted CT image (Fig. 10.4) in a patient treated with extracor- 
poreal shock wave lithotripsy shows perirenal and retroperitoneal hemorrhage (arrowhead). 
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A 57-year-old man with a history of chronic liver disease was admitted to hospital with 
7-day history of right upper quadrant pain radiating toward the right leg. Patient also 
complained of fever and decreased appetite. On general examination he was pale and 


temperature was 38.5°C. Laboratory investigation revealed leucocytosis of 16.3 x 10?/1. 


Comments Psoas abscess is a rare clinical entity. The incidence is not known but it has probably 


| 
increased in recent years. Iliopsoas abscesses may be classified as primary or 
secondary, depending on the presence or absence of underlying disease. Primary 


psoas abscess has a better prognosis with a lower mortality. The causes of psoas 


abscess have also changed in the last decades. At the beginning of the twentieth 


Fig. 10.5 
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century psoas abscess was mainly caused by tuberculosis of the spine (Pott’s disease). 
Actually, primary iliopsoas abscesses secondary to hematogenous spread from an occult 
source, are more common, especially in immunocompromised and older patients. Secondary 
abscesses occur because of direct extension from bowel, kidney, or spine infections. Crohn’s 
disease is the commonest cause of secondary iliopsoas abscess. The most common causative 
organisms are Staphylococcus aureus and mixed gram-negative organisms, though 
tuberculosis is on the increase again because of immigration and HIV infections in risk 
groups. It is difficult to determine the likely pathogen from the images, but the degree of 
soft tissue involvement and size of the abscess may suggest a particular organism, with 
gram-negative bacteria tending to be responsible for more extensive change. 

Iliopsoas abscess may be life threatening owing to their insidious nature. The clinical 
presentation is often indolent and nonspecific. The classical clinical triad consisting of 
fever, back pain, and limp is present in only 30% of the patients. 

Abdominal plain film provides limited information for detecting psoas infection. It may 
demonstrate mass effect, abnormal psoas contour, soft tissue gas, or bony destruction of 
the spine. CT is the best imaging technique for evaluation of iliopsoas disease. CT outlines 
the extent of disease and may identify the primary source of pathology. 

Ultrasound is an operator-dependent imaging technique. Ultrasound is diagnostic in 
approximately 60% of the cases. 

CT images of psoas abscess may manifest as enlargement of the iliopsoas muscle or may 
show characteristic features of a low attenuation mass with rim enhancement after the 
intravenous administration of contrast material. Imaging features of tuberculous psoas 
abscess differ from those of pyogenic infections, and include thickening or calcification of 
the abscess rim, multiple abscess cavities, and minimal new bone formation. 

Abscesses show low signal intensity at T1-weighted MR imaging and high signal inten- 
sity at T2-weighted MR imaging. Imaging characteristics of spinal disease are more clearly 
seen on MRI, permitting a more complete definition of vertebral involvement with soft tis- 
sue extension, which may narrow the possible causative organisms. Gadolinium enhance- 
ment demonstrates the typical rim enhancement pattern. 

Ultrasound or CT may guide diagnostic needle aspiration or drainage insertion and aids 
follow-up. Image-guided percutaneous drainage currently is the treatment of choice for 


iliopsoas abscess. 


Transverse contrast-enhanced CT scan (Fig. 10.5) shows a hypodense lesion with enhancing 
rim in the right psoas muscle (open arrow). Microbiology reported S. aureus as causative 
organism. Coronal reformatted contrast-enhanced CT image (Fig. 10.6) in the same patient 
clearly demonstrates the craniocaudal extension of the rim enhanced fluid collection in the 
right psoas muscle (arrow). 

Coronal T2-weighted TSE image (Fig. 10.7) in a different case evidences a high signal 
intensity collection into the right psoas muscle (open arrowhead). 

In a different patient, axial T1-weighted TSE image (Fig. 10.8) demonstrates tuberculosis 
of the spine (Pott disease) extending from the vertebral bodies into the psoas muscle 
(arrowhead). 
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A 54-year-old woman presented with right renal colic. 


Retroperitoneal fibrosis (RF) is a rare disease with an estimated incidence of 1/200,000 


population. RF is a complex clinical entity characterized by a fibro-inflammatory reaction 
around the abdominal aorta and iliac arteries extended into the retroperitoneum. RF, 
Riedel’s thyroiditis, mediastinal fibrosis, sclerosing cholangitis, and inflammatory 


pseudotumors are considered in the group of inflammatory fibrosclerosing disorders. 
Etiology, clinical presentation, and radiological appearance in many cases are variable. 
About two-thirds of cases are idiopathic, also known as “Ormond’s syndrome.” The 
characteristic perivascular distribution of the idiopathic form supports the theory that 
the disease is an immune-mediated response to severe atherosclerosis, but evidence 
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suggests that idiopathic retroperitoneal fibrosis may be part of a systemic fibrosing disease. 
The remaining 30% are associated with drugs (ergot-derivative drugs), infection, trauma, 
retroperitoneal, or hemorrhage. Primary and metastatic tumors, including lymphoma and 
carcinoma of the breast, stomach, colon, prostate, lung, kidney, and uterine cervix, may cause 
a severe desmoplastic reaction caused by retroperitoneal tumor infiltration. 

The signs and symptoms of RF are vague and nonspecific, and therefore the diagnosis 
relies heavily on radiologic findings. 

RF extends along the aorta through a plaque-like infiltrative soft tissue process. The 
fibrous tissue is usually confined to the central and paravertebral aspect of the retroperito- 
neum. It usually begins at the level of the aortic bifurcation and spreads cephalad. The 
fibrosis tends to envelop the aorta and IVC, often entraps the ureter’s RF, and is typically 
localized to the infrarenal aorta and the common iliac arteries. Although this is the most 
common presentation of RE, in 40% of patients it presents in atypical sites (involving single 
organs or other anatomical areas) and up to 15% of the patients have additional fibrotic 
processes outside the retroperitoneum. 

On ultrasound exam, RF appears as a hypoechoic area that encases the aorta and infe- 
rior vena cava between the renal hila and sacral promontory and may cause hydronephro- 
sis. CT is the method of choice to delineate the extent of the disease. On noncontrast CT 
scans, RF presents as a periaortic, plaque-like, soft tissue lesion that is usually isodense or 
slightly hyperdense with muscles. The mass tends not to displace the aorta anteriorly. After 
intravenous administration of contrast medium, the mass shows variable enhancement 
depending on the stage of the fibrotic process. However, patients with surgically proven 
retroperitoneal fibrosis may have no corresponding abnormality on CT. 

RF has signal characteristics similar to those of other fibrotic processes, with diffusely 
low signal intensity on T1-weighted imaging. The T2-weighted MR signal intensity and 
dynamic enhancement characteristics depend on the stage of the disease. Whereas areas of 
fibrosis show low T2 signal intensity and delayed contrast enhancement, areas affected by 
active inflammation may have areas of high signal intensity on T2-weighted images and 
early contrast enhancement, due to the presence of abundant fluid content and hypercel- 
lularity. The same findings are observed in malignant RPF. 

Lymphoma and metastatic lymph nodes can mimic RE but a particular characteristic of 
RF is the tendency to infiltrate and envelop surrounding structures without displacing 
them. Malignancies, suchas lymphomas and sarcomas, typically cause anterior displacement 
of the aorta and peripheral nodularity. 


Contrast-enhanced coronal reformatted CT image (Fig. 10.9) depicts the presence of low- 
attenuation mass anterior and lateral to aorta and iliac vessels (open arrow). 

Contrast-enhanced axial CT images show a low-attenuation mass anterior and lateral to 
aorta and iliac vessels, without anterior displacement of either aorta or inferior vena cava. 
Note lithiasis in right urether (Fig. 10.10) (arrow). Plaque bifurcates and follows common 
iliac arteries (Fig. 10.11) (open arrowhead). 

Sagittal turbo spin-echo MR urogram (Fig. 10.12) shows ureteropyelectasis (arrowhead) 
in a different patient with RE. 


Imaging Findings 
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A 58-year-old woman presented with cough and dyspnea. She was previously diagnosed 
with diabetes insipidus. A chest plain film and a thoraco-abdominal CT were performed. 


Erdheim-Chester disease (ECD) or polyostotic sclerosing histiocytosis is a rare, non- 
Langerhans cell histiocytosis of unknown etiology. This entity can affect multiple organs 
and shows various clinical manifestations, depending on the organs involved, ranging from 
asymptomatic disease to respiratory distress and/or cardiac failure. The average age at 
presentation for ECD is 53 years with bone pain as the most frequent clinical sign. The 
etiology remains unclear and their diagnosis relies on the association of specific radiologic 
and histologic findings. This entity is characterized by tissue infiltration by foamy 
histiocytes (xanthogranulomatous) that stain positively for CD68. 

Lesions may be skeletal and/or extraskeletal in location, and may include the hypothal- 
amus-pituitary axis, lung, heart, retroperitoneum, skin, liver, kidneys, spleen, and orbit. 

Bony involvement is an almost constant finding and consists of symmetric osteoesclero- 
sis of the long tubular bones in the region of the metadiaphyses. The most common 
extraosseous clinical manifestations of ECD are diabetes insipidus and painless bilateral 
exophthalmus. However, ECD shows a tropism for connective, adipose, and perivascular 
tissue that results in characteristic radiographic findings. These findings include: 


O Retroperitoneal involvement secondary to infiltration of the fat and surrounding struc- 
tures by histiocytes and associated fibrosis visualized on CT as hypoattenuated and 
homogeneous soft tissue masses in the retroperitoneum. The perirenal infiltration may 
extend to the fat of the anterior or posterior pararenal spaces of both causing the “hairy 
kidney appearance.” 

O Periaortic fibrosis has been described and has been shown to involve the ascending 
aorta to the iliac junction creating the appearance of “coated aorta.” CT shows circum- 
ferential and regular periaortic tissue with the same attenuation of muscle. Unlike other 
vascular diseases ECD affects only the adventitial and periadventitial space. 

O Cardiac involvement that can be endocardial, myocardial, or pericardial. 

€ Pulmonary involvement with a typical pattern on CT, which shows interlobular septal 
and pleural thickening. Other findings include patchy centrilobular ground glass 
opacities. The most common pulmonary symptom is progressive dyspnea. The liver, 
pancreas, and mesentery are extremely rarely affected. 


The differential diagnosis should be made with retroperitoneal fibrosis. The diagnostic 
clues are noninvolvement of the inferior vena cava and circumferential infiltration of the 
aorta contrary to the anterior and lateral infiltration, sparing the posterior aspect of 
retroperitoneal fibrosis. 


Axial abdominal CT (Fig. 10.13) reveals bilateral and symmetric perirenal infiltration. 
Contrast-enhanced scans of the thorax (Figs. 10.14 and 10.15) demonstrate infiltration of 
aortic arch and mediastinal involvement sheathing the descending aorta. Bilateral pleural 
thickening and effusion are also present. Figure 10.16 shows diffuse bilateral smooth 
interlobular septa thickening. 


Comments 


Imaging Findings 


Fig. 10.17 
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A 71-year-old woman presented with a left lower quadrant abdominal mass. 


Liposarcomas (LSs) are malignant tumors of mesenchymal origin that may arise in any fat- 
containing region of the body. They typically occur in the fifth and sixth decades of life. 
LS is the most common retroperitoneal soft tissue tumors in adult patients and it represents 35% 
of all malignant primary neoplasms in the retroperitoneum. Histologically, LSs are classified 
in increasing order of malignancy as: (1) well-differentiated, (2) dedifferentiated, (3) myxoid, (4) 
round cell, and (5) pleomorphic LS. Well-differentiated LS is the most common subtype, 
while myxoid LS occurs typically within the extremity and only rarely is located in the 
retroperitoneum. CT and MR imaging appearances vary according to these histologic subtypes. 

Well-differentiated LSs contain mature fatty elements with imaging characteristics that 
may be indistinguishable from those of normal fat or lipomas and they frequently may 
contain septa, as well as solid-appearing regions. These fibrous septa are thicker, more 
irregular, or more nodular than those seen in lipomas. 

Dedifferentiated LS is defined as a neoplasm with a well-differentiated LS juxtaposed to 
pleomorphic sarcoma. Seventy five percent of all dedifferentiated LSs occur in the retro- 
peritoneum. The tumor extent should be defined with caution as the fat components of the 
tumor could easily be mistaken for adjacent normal fat structures. 

Myxoid LSs often have an inhomogeneous appearance and may mimic a cystic lesion on 
precontrast CT or MRI. They are readily differentiated after intravenous administration of 
contrast material. Slowly progressive enhancement is characteristic and reveals the solid 
nature of these tumors. 

Round cell LSs represent the poorly differentiated form of myxoid liposarcoma with an 
aggressive clinical course and a tendency to metastasize. Pleomorphic and round cell LSs 
are heterogeneous, nonfatty tumors. Therefore, it is usually impossible to differentiate 
them from other sarcomas. 

Most retroperitoneal LSs have grown to a very large size at the time of their initial 
detection, and they often involve critical structures. Surgery with tumor-free margins 
remains the cornerstone therapy for LSs and imaging techniques may help to precise 
delineation of tumor margins. Well-differentiated tumors do not metastasize, but tend to 
recur locally and may cause significant morbidity and mortality due to mass effect, 
compression, and/or encasement of vital structures. In contrast, pleomorphic LSs are high- 
grade aggressive neoplasms that frequently metastasize early. Approximately 80% of 
metastatic lesions from sarcomas involve the lungs. 


Well-differentiated liposarcoma of the pelvis in a 71-year-old woman. Axial T1-weighted 
image (Fig. 10.17) demonstrates a fatty tumor with signal intensity equal to that of 
subcutaneous fat. Axial fat-suppressed T1-weighted image (Fig. 10.18) shows that the high 
signal intensity of the fatty component of the tumor is suppressed (open arrow). 

Myxoid liposarcoma of the retroperitoneum in a 65-year-old man. Contrast-enhanced 
axial CT image shows a low-attenuation mass (25 HU) (Fig. 10.19) lateral to the left kidney. 
Contrast-enhanced coronal reformatted CT image (Fig. 10.20) acquired in a late phase 
depicts the presence of a slowly progressive enhancement of the tumor (arrows). 


Comments 
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A 62-year-old woman complained of diffuse abdominal pain accompanied by anorexia and 
weight loss. Physical exam revealed a large right upper quadrant mass. 


Leiomyosarcoma (LM) is a soft tissue sarcoma originated from smooth muscle cells, 
including the muscle layer of a blood vessel (the tunica media). LM principally affects 
patients in their fifth to seventh decades of life. Retroperitoneal LM is a rare entity, 
accounting for 5-15% of all retroperitoneal tumors. Retroperitoneal LM is the second most 
common primary retroperitoneal tumor in adults (30%) after liposarcoma (61%). 
Involvement of the retroperitoneum is more common in women than men. These tumors 
seldom present with symptoms until they progress into a huge mass. When the tumors are 
discovered at this later stage, there is a poor outlook for long-term survival. Retroperitoneal 
LM exhibits three major growth patterns: (a) completely extravascular (extraluminal) 
(62% of cases), (b) completely intravascular-intraluminal (5% of cases), and (c) a 
combination of both with extravascular tumor and tumor extending into the retropenitoneal 
veins and inferior vena cava (33% of cases). Tumor should be classified as a LM of the IVC 
if it has predominantly intraluminal growth or if a segment of the involved IVC needs to be 
resected with the extraluminal tumor. This intra- and extraluminal pattern of growth is 
very suggestive of LM because most other primary retroperitoneal tumors do not have this 
growth pattern. 

Radiologic appearances of this tumor are not specific but both CT and MRI show a het- 
erogeneous nonfatty soft tissue mass. The tumor is usually well circumscribed by a pseudo- 
capsule that is formed when the tumor compresses adjacent structures, but tumor cells 
frequently invade beyond this pseudocapsule. LMs usually have central nonenhancing foci 
that suggest necrosis. Necrosis is more commonly seen in LMs than other sarcomas and 
LMs tend to develop massive cystic necrotic degeneration. LMs may appear to be hyper- 
vascularized with a peripheral enhanced mass and showing vascular structures penetrat- 
ing the tumor, a finding that is best visualized in maximal intensity projection (MIP) 
technique. 

Although imaging findings are not specific for LM, they may provide useful information 
for the localization, size, internal structure of the mass, local or distant extension, and 
invasion of the tumor which are beneficial to the differential diagnosis and patient 
management. 


Plain abdominal film (Fig. 10.21) evidences increased density in the right upper quadrant 
(open arrows). 

Contrast-enhanced axial and coronal reformatted CT images (Figs. 10.22 and 10.23) 
depict the presence of a solid nonfatty soft tissue mass with necrotic areas that shows 
vascular structures penetrating the tumor (arrows), a finding that is best visualized in 
maximal intensity projection (MIP) technique (Fig. 10.24). 
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Case 7 
El 
Ganglioneuroma 


Fig. 10.26 
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A primary, extra-adrenal retroperitoneal mass was found incidentally in a 33-year-old man 
while he was being studied for altered liver function tests. 


Ganglioneuromas are neurogenic tumors that arise from the autonomic ganglion cells of 
the peripheral nervous system, usually the sympathetic ganglion. Patients of all ages are 
affected, but predominantly children and young adults. Abdominal ganglioneuromas are 
most commonly located in the retroperitoneum, especially in the paraspinal areas and 
adrenal glands. These tumors are grossly well-circumscribed, solid, encapsulated masses 
that tend to partially or completely surround major blood vessels, with little or no 
compromise of the lumen. Tumors of the sympathetic ganglia tend to extend along the 
sympathetic chain and have an elongated shape. Ganglioneuromas show calcification in 
approximately 20% of cases (more frequently than nerve sheath tumors) and is usually 
punctuate. These tumors tend to present a whorled pattern that, at histopathologic analysis, 
corresponds to bundles of Schwann cells and collagen fibers within the mass. This pattern, 
that it is commonly seen in ganglioneuroma and neurofibroma, explains one of the MR 
imaging characteristics of this neoplasm, the presence of curvilinear bands of low signal 
intensity linear or curvilinear structures on T2-weighted images. Beside this, T2 signal 
intensity of ganglioneuromas depends on the varying degrees of myxoid stroma, cellular 
components, and collagen fibers in the tumor. A myxoid stroma is low on T1-weighted 
images and markedly high on T2-weighted images. Tumors with intermediate to high 
signal intensity on T2-weighted MR images consist of extensive cellular and fibrous 
components and only a small amount of myxoid stroma. Those with markedly high signal 
intensity on T2-weighted images consist of a large amount of myxoid stroma and relatively 
few cellular and fibrous components. 

Ganglioneuromas usually demonstrate gradually increasing enhancement rather than 
early enhancement at contrast-enhanced dynamic MR imaging. These enhancement fea- 
tures are explained by the presence of an abundance of myxoid matrices in the tumors, 
resulting in delayed progressive accumulation of contrast material in the extracellular 
space that depends on the extent of the vascular network within the myxoid stroma. It has 
been reported that enhancement is delayed and mild (or absent) in benign masses and 
relatively early and pronounced in malignant masses. 

Most neurogenic tumors in adults are benign. Benign and malignant neurogenic tumors 
are difficult to differentiate unless distant metastatic deposits are seen. 


Axial T1-weighted MR image (Fig. 10.25) shows a homogeneous, low signal intensity tumor 
in the retroperitoneum lateral to the right kidney. Axial T2-weighted MR image (Fig. 10.26) 
shows areas within the markedly high signal intensity tumor (open arrows) and linear and 
curvilinear low signal intensity bands (arrow). Coronal T2-weighted MR image (Fig. 10.27) 
demonstrates that the mass is separated from the adrenal gland (open arrowhead). On an 
axial contrast-enhanced T1-weighted MR image (Fig. 10.28), the tumor evidences a discrete 
enhancement. 


Comments 
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A 33-year-old man presented with a history of uncontrolled hypertension. 
Case 8 
a 
Paraganglioma International nomenclature concerning pheochromocytoma have changed over 
Comments the last few years. Actually, the term pheochromocytoma must be reserved 
for those paragangliomas located inside the adrenal glands, whereas sympathetic 


Fig. 10.30 


Fig. 10.29 
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paragangliomas outside the adrenals are referred to as extra-adrenal paragangliomas. This 
new classification reflects the distinctive biochemical and clinical properties of these 
tumors in different locations. Adrenal tumors are usually benign, secrete both epinephrine 
and norepinephrine in at least 50% of cases, are often related to a specific gene mutation if 
located bilaterally, and are frequently found as incidentalomas. In contrast, extra-adrenal 
tumors have a noradrenergic and/or dopaminergic phenotype, more often have an 
aggressive or metastatic nature, and are rarely associated with familial syndromes. 

Pheochromocytoma has been called the 10% tumor because approximately 10% cases 
are bilateral, 10% are malignant, 10% occur in children, and 10% are extra-adrenal. 

Biochemical diagnosis of pheochromocytoma (total urinary levels of catecholamines 
and their metabolites over 24 h or fractionated plasma-free metanephrines) must be estab- 
lished prior to undertaking imaging studies to avoid unnecessary exams. The role of imag- 
ing techniques in paragangliomas depends on clinical background. In patients with typical 
symptoms and signs, the important purpose of imaging examination is to localize the 
tumor and its extent preoperatively. For asymptomatic patients or incidentalomas, the role 
of imaging is to establish the diagnosis of paraganglioma based on imaging features. 

Computed tomography is the initial imaging modality of choice for localization of para- 
gangliomas. This technique shows high sensitivity (>90%) for localization of the tumor but 
low specificity. In contrast, metaiodobenzylguanidine (MIBG) scintigraphy demonstrates 
high sensitivity (85%) and specificity (>95%) for detection and localization of pheochromo- 
cytomas but we must have in mind that not all pheochromocytomas concentrate MIBG. 

The sensitivity of MRI in detecting pheochromocytoma and extra-adrenal pheochro- 
mocytoma is 93.3-100% and the combination of MRI and MIBI has been reported as 
having a sensitivity and specificity of 100% in the detection of biochemically proven 
pheochromocytoma. 

Most paragangliomas typically enhance avidly on enhanced CT or MR images, but 
enhancement can be heterogeneous due to regions of cystic changes. On MR imaging, 
paragangliomas usually have high signal intensity on T2-weighted MR images, but more 
than 30% have low signal intensity on these sequences. Imaging appearances of these 
tumors are varied and they may appear as fatty, cystic, hemorrhagic, or calcified masses. 

Finally, *F-DOPA- Positron emission tomography (PET) with fluorine-18-labelled dihy- 
droxyphenylalanine has emerged as an important tool in the diagnosis and staging of 
pheochromocytomas and extra-adrenal paraganglioma and preliminary data based on 
small case series have demonstrated sensitivity and specificity of 100%. 

Ten percent of pheochromocytomas are malignant. Metastatic spread is the only reliable 
criterion for the diagnosis of malignant paraganglioma. 


Contrast-enhanced axial image (Fig. 10.29) and oblique reformatted maximum intensity 
projection (MIP) (Fig. 10.30) CT image obtained in the arterial-phase depict the presence 
of a solid hypervascular retroperitoneal mass (open arrow) and a decreased enhancement 
in a small size left kidney (arrow). 

Oblique reformatted MIP CT image (Fig. 10.31) and digital subtraction angiography 
(Fig. 10.32) image confirm the obstruction of the left renal artery. 
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Case 9 
E 


Lymphoma 


Comments 


A 68-year-old man was evaluated for fever, weight loss, and night sweats. 


Most patients with non-Hodgkin’s lymphoma (NHL) compared with less than half of the 
patients with Hodgkin’s lymphoma (HL) have abdominal involvement. Para-aortic 
lymphadenopathy is the most common finding. Although HL and NHL share similar radiologic 
features, there are some significant differences in their radiographic appearances. Extranodal 
disease is more common with NHL than with HL and is often intermediate to high-grade 
lymphoma. In NHL, involved lymph nodes tend to be larger as compared with HL and 
extranodal sites are also frequently involved. HL-isolated infradiaphragmatic lymphadenopathy 
occurs in less than 10% of patients at diagnosis. HL spreads in a contiguous fashion from one 
lymph node group to the adjacent lymph nodes. 

Computed tomography (CT) is the most commonly used imaging modality for the detec- 
tion, staging, and follow-up of lymphoma. In the retroperitoneum, lymphoma may present as 


Fig. 10.35 


Fig. 10.36 
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unifocal, multifocal masses; lymphadenopathy; or diffuse infiltration. In general, lymphoma 
causes a displacement of structures by the enlarged lymph nodes without invasion. This 
imaging feature may distinguish lymphomas from metastatic carcinomas. Lymphoma typ- 
ically shows homogenous attenuation at unenhanced CT and has mild enhancement with 
contrast media. Calcification is rare without treatment. 

Positron emission tomography (PET)/CT is superior to CT in detecting extranodal dis- 
ease in the abdomen. The role for PET/CT in staging indolent histologies varies among 
histologies. Follicular lymphomas are routinely fluorodeoxyglucose (FDG) avid, whereas 
marginal zone lymphoma are less often avid, and T-cell NHL are markedly heterogeneous. 
CT remains the standard for low-grade and T-NHL. However, PET is currently not part of 
standard lymphoma staging primarily because of the generally small percentage of patients 
in whom PET alters management or outcome. 

Sonography and magnetic resonance imaging do not have a key role for the evaluation 
of abdominal lymphoma. However new whole body MR diffusion imaging may open a 
future potential role of MR imaging in lymphoma. 

CT scans obtained after treatment may demonstrate a residual tumor mass that is not 
metabolically active. FDG-PET is superior to CT in differentiation of viable tumor, necro- 
sis, and fibrosis. PET/CT provides its greatest clinical benefit in the post-treatment evalua- 
tion of Hodgkin’s lymphoma and diffuse large B-cell lymphoma. 

Imaging for surveillance is performed after treatment with the goal of early detection of 
recurrence. However, several studies have shown that it is the patient or the physician who 
first suspects relapse more than 80% of the time. Beside this, the likelihood of tumor relapse 
became insignificant after 12 months for HL and after 18 months for diffuse large B-cell 
lymphoma, although there was a continuous risk of relapse with follicular lymphoma. 

Differential diagnosis for retroperitoneal lymphoma may include diverse entities such 
as metastatic disease (in which the nodal enlargement is not usually as pronounced as that 
seen in patients with lymphoma), infection (tuberculosis, atypical mycobacterial infection, 
and Whipple disease), inflammatory conditions, or lymphoproliferative disorders (such as 
Castleman’s disease). Metastatic deposits to the retroperitoneal lymph nodes frequently 
result from tumors of the kidney, colon, pancreas, lung, breast, testis, prostate, and cervix 
and melanoma. Differentiating metastatic lymphadenopathy from retroperitoneal 
lymphoma is a diagnostic challenge. The presence of lymph node necrosis is a feature that 
is more frequently associated to metastatic disease or tuberculosis than lymphoma. 


Contrast-enhanced arterial phase axial CT image (Fig. 10.33) depicts extensive 
retroperitoneal lymphadenopathy encasing the renal vessels (open arrow). Contrast- 
enhanced venous phase axial image (Fig. 10.34) demonstrates extensive retroperitoneal 
lymphadenopathy, perirenal and renal infiltrative masses (arrow), pancreatic involvement, 
and splenomegaly with partial thrombosis of the mesenteric vein. 

Plain abdominal film (Fig. 10.35) depicts multiple foci of calcification that corresponds 
to calcified mesenteric and retroperitoneal lymph nodes in a patient with tuberculosis. 

CT exam (Fig. 10.36) in a patient with Whipple disease shows enlarged low-density mes- 
enteric (open arrowhead) and retroperitoneal lymph nodes (due to high fat content) 
(arrowhead). 


Imaging Findings 
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Case 10 
E 
Retroperitoneal Soft Tissue Metastases 


Fig. 10.37 Fig. 10.38 
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A follow-up CT scan was requested for a 58-year-old man with a history of lung cancer 
stage IIIB treated with chemotherapy. 


Retroperitoneal soft tissue (ST) metastases, defined as metastasis to skeletal muscle and 
subcutaneous tissues, are rarely reported in the literature. Autopsy series have reported ST 
metastatic disease in 0.75-9% of patients who died of carcinoma. Metastatic spread to the 
retroperitoneum most commonly involves the regional lymph nodes and radiologists must 
have in mind the specific metastatic pattern for every tumor, although in the case of ST 
metastases there is no correlation between the site of the metastases and the primary 
tumor. 

Detection of ST metastasis may affect tumor staging and prognosis. ST metastases may 
present in patients with a history of malignancy or, in cases with no history of malignancy, 
if metastasis is the first presentation. Most metastases are caused by carcinomatous depos- 
its, most common from the lung, kidney, and bowel carcinoma, while prostate, breast, and 
thyroid carcinoma only very rarely metastasise to the ST. Melanoma and lymphoma account 
for many cases of ST metastases and must be considered in the differential diagnosis. In 
this setting, the appearance of metastatic melanoma may be variable, but the presence of a 
mass with high signal on T1-weighted MRI due to melanin and/or hemorrhage may sug- 
gest the diagnosis. Despite clinical and imaging investigations, the primary sites remain 
unknown in a significant percentage of cases. 

Metastatic tumors presenting as ST masses are relatively rare and can be the source of 
diagnostic confusion both clinically and pathologically. Retroperitoneal metastases are 
usually seen as late events and survival is generally poor, especially for primary carcinoma 
of the lung. The prognosis may be higher for renal carcinoma. 

Radiological features are not specific and ST sarcoma represents a common clinical mis- 
diagnosis, especially in those cases that present a solitary retroperitoneal metastatic 
deposit. "F-FDG PET/CT has a good sensitivity for skin and ST metastasis detection and in 
some cases, this feature might change tumor staging. 

Percutaneous imaging-guided biopsy is reliable in confirming the diagnosis of malig- 
nancy and helpful in the detection of the possible origin of the primary tumor. 

ST metastases should remain a differential diagnosis in any patient presenting with a 
suspicious soft tissue lump in the retroperitoneum. 


Contrast-enhanced coronal reformatted CT image (Fig. 10.37) and contrast-enhanced axial 
CT images (Figs. 10.38) demonstrate the presence of a cavitated lung carcinoma and 
multiple metastatic deposits in soft tissue and muscles (arrows). 
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